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Presidential Address 


Lighting and Research 
By W. S. STILES, O.B.E., D.Sc., F.R.S. (Fellow) 


At the present time, the research background of 
most branches of engineering is complex : there is no 
single scientific discipline that can provide the new 
knowledge on which progress will depend. This is 
particularly true of illuminating engineering and the 
wider subject of lighting. It occurred to me that a few 
reflections on the pattern of lighting research might 
be a suitable subject on which to address you today. 

The light source and the human eye present them- 
selves as the two extreme foci of attention in lighting. 
But it is in the development of new sources, rather 
than in the unravelling of the complicated processes 
of vision, that the results of research are seen to have 
produced the most far-reaching consequences in the 
lighting field. The relations between lighting and the 
research effort in these two directions are—not un- 
naturally—very different. They are simpler, I think, 
in the case of the light source. I shall begin by 
recalling very briefly the way new light sources have 
emerged. 

Development of Light Sources 

Looking back over the last forty years, we re- 
cognize a correspondence between the advances made 
in the main line of physical research and the two 
outstanding steps forward in light source develop- 
ment. These I take to be the introduction of gas 
discharge lamps, and the conjunction of solid 
phosphors with the discharge source, leading to our 
present fluorescent lamps. 


Physical and chemical research 

It would not be inapt to describe the incandescent 
tungsten filament lamp, which is still the staple light 
source over a large area of the lighting field, as the 
crowning achievement of a classical pre-quantum 
era. During this period, we had the full exploitation 
of the temperature radiation of solids raised to high 
temperatures by the chemical energy of combustion 
or by electrical, and generally ohmic, heating. But 
the luminous radiating efficiency—the ratio of the 
light to the total radiation—of the solid emitters that 
have proved successful incandescent light sources 
was limited in two ways. Firstly, the emitter had 
obviously to be kept below its melting point, and in 
fact at a temperature well below that at which a 
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perfect (or black-body) radiator has maximum 
luminous efficiency. The maximum efficiency is 
attained at a temperature of about 6,500 deg. 
absolute, but a black-body at any temperature below 
the melting point of tungsten has a luminous 
radiating efficiency of less than one-half the maxi- 
mum. In principle, the solid emitter might improve 
on the luminous efficiency of the black-body at the 
same temperature if it had a selective spectral 
emissivity that concentrated more of the emitted 
radiation in the visible range. But here there was a 
second limitation. The fairly small variation in the 
spectral emissivity (over the important wave-length 
range) of the solid emitters used, has meant that only 
a moderate improvement in luminous efficiency over 
the black-body at the same temperature was achiev- 
able in this way. With the growing interest in the 
potentialities as temperature emitters of refractory 
semi-conductors such as metal carbides, silicides, 
nitrides and borides, the situation in these respects 
may change, but that is a question of future de- 
velopment. 

Both the limitations of solid temperature emitters 
just mentioned were in effect removed in the develop- 
ment that followed the upsurge of quantum ideas on 
matter and radiation in the ‘twenties. The physicists 
in the laboratories of the lamp makers turned to 
account the fact that the atoms of a gas, excited by 
an electric discharge to states of higher energy, 
would give up their excitation energy, in accordance 
with quantum principles, by the emission of highly 
selective radiation, often confined to a few spectrum 
lines. Within the discharge, the effective temperature 
(the electron temperature) could be much higher than 
the temperature of any solid emitter, and for suitable 
gas atoms and activation conditions the selective 
emission could be favourably placed in the visible 
spectrum. I shall not try—and in fact I should be 
quite unqualified—to summarize the intensive phy- 
sical research that lay between the bald idea and the 
range of highly efficient sodium, mercury and xenon 
discharge lamps that we have today. But I will 
mention one outstanding point. For sodium, the 
most easily excited radiation is the resonance doublet 
at 5896 /5890A, conveniently located near the middle 
of the visible spectrum. For mercury, on the other 
hand, the resonance line lies well in the ultraviolet 
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at 2537A and it was necessary to design the discharge 
conditions, in particular by the use of higher pres- 
sures of mercury, so that the maximum emission was 
shifted towards the visible. The high yield of the 
ultraviolet resonance line in the low pressure 
mercury discharge—an undesirable feature in a 
discharge lamp—came into its own later, in the 
"thirties, when the possibilities of fluorescent 
materials as efficient converters of invisible short- 
wave radiation into light were opening up. The in- 
tensive study at that time of the fluorescence and 
phosphorescence properties of materials was of a 
piece with the increasing preoccupation of physicists 
with the solid as distinct from the gaseous state. For 
use in light sources the more favourable character of 
fluorescence radiation—extended bands compared 
with the more or less broadened emission lines of the 
earlier discharge lamps—and the wide possibilities 
of varying the positions of the bands along the 
spectrum by the development of new phosphors, 
these presented wonderful opportunities. For the 
success of the practical fluorescent lamp the dis- 
covery of the halophosphates with their high 
quantum efficiency, flexibility in position of the 
emission band and stability, leading to high lumen 
maintenance, may perhaps be recognized as the 
turning point. 

In recent years we have seen the physics and 
chemistry of phosphors emerge as a fascinating new 
branch of science, with of course many applications 
besides fluorescent lamps, notably to devices in 
which the excitation is not by photons but by 
electron beams as in the television screen, or by the 
conduction electrons of semi-conductors as in 
electroluminescent panels. 

With the new achievements, the fluorescent lamp 
still presents many problems and challenges to the 
research man, and not only to the phosphor chemist. 
The mercury line at 2537A is in one sense not all that 
could be wished as an exciter radiation: it is too deep 
in the ultraviolet. Compared, say, with the line at 
3650A the theoretical maximum efficiency for con- 
version of ultraviolet energy into light is lower by 
about 30 per cent, assuming the same quantum 
efficiency of the phosphor in both cases. But the 
efficient production in a discharge tube of the 3650 
line or some other exciter radiation in the near ultra- 
violet remains a problem. It is true that, at present, 
there are fewer suitable phosphors with high 
quantum efficiency for use with the 3650 line, but 
more might be developed if the possibilities of pro- 
ducing the exciter radiation efficiently were improved. 


Specification of light quantity and colour 
The few remarks I have just made will have served 
to underline that the development of light sources 
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has been, and remains, very much the affair of 
specialist physicists and chemists, researching with 
their own techniques and in very close touch with 
the main lines of advance in their special subjects. 
What has been the role of lighting in this develop- 
ment? Mainly, one would say, in setting the problem. 
Of course this has not consisted merely of asking 
for the greatest amount of light for the smallest 
expenditure of energy, although this is perhaps the 
overriding demand. For some applications, notably 
to projection systems, the emphasis is shifted to high 
intrinsic brightness of the source, and the require- 
ments of a long source life, suitable shape and 
adaptability to practical fittings, minimum of con- 
trol gear, and so on, have all entered as essentials 
for the successful practical development of a new 
source. 

For the derivation of all the photometric pro- 
perties of a source the key specification is of quantity 
of light. This rests on the curve of relative luminous 
efficiency of the eye, the familiar V, curve, and it is 
noteworthy that the investigations on this essentially 
physiological property were carried out in labora- 
tories associated with lighting, and the accepted 
curve was laid down by the International Commis- 
sion on Illumination. With the introduction of 
sources having energy distributions very different 
from the continuous spectra of temperature radiators 
with their rather mild colour differences, a more 
elaborate specification of the source requirements 
for lighting has become necessary, in respect firstly 
of the colour of the source and secondly of its colour 
rendering properties. 

For colour specification the trichromatic system 
standardized by the International Commission on 
Illumination in 1931 was at once available. In 
recent years new studies of the basic trichromatic 
data have been made, particularly with regard to 
differences in colour-matching of large and small 
areas, and it may be that some revision or extension 
of the C.1I.E. system will result. Certain anomalies in 
the work so far done will have first to be clarified. 
But the principle of providing the lamp designer 
with three standard response curves for colour pre- 
diction will be unaffected. 

The source requirements for colour-rendering— 
and here the white or near white sources for general 
lighting are mainly in question—are proving more 
difficult to lay down. This is not only because the 
apparent colours of objects under a particular 
ilhuminant depend on visual properties, that are more 
complicated and operate at a higher level of the 
nervous system than those determining colour- 
matches. There is an additional empirical factor, the 
character of the spectral reflectance curves of the 
objects illuminated. Some kind of sampling of 
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objects in this respect is involved, in one way or 
another, in any properly based method of deter- 
mining the colour-rendering tolerances to be applied 
to the energy distributions of light sources. The best 
way of doing this is still not clear. An interesting 
recent development is the attempt to handle by 
statistical methods the whole range of possible 
spectral reflectance curves of object surfaces, rather 
than to base conclusions on colour-rendering on a 
fairly small number of skilfully selected samples. In 
another lighting problem—the determination of the 
revealing power of street-lighting installations—a 
somewhat analogous use was made (a good many 
years ago) of statistical methods. This was for the 
simpler case when only the total reflection factor— 
not the spectral reflectance curve—of the objects 
was involved. It is not unlikely that in the future a 
Statistical approach to the properties of the objects 
we are illuminating will be further developed. 

To return to colour-rendering, considerable re- 
search has already gone into all the various aspects 
of the problem without, I think, reaching an entirely 
satisfactory solution. With this reservation, however, 
the prime requirements for light sources can be put 
to the physicist and chemist in the research labora- 
tory in fairly simple terms. 


Visual Research 


The visual investigations that are involved in 
specifying the target for light source development 
belong to one of the two main categories of visual 
research. This category is distinguished by the fact 
that what is studied is the response of the intact 
perceiving organism, particularly the human ob- 
server, in relation to the light stimuli applied to the 
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Fig. | (left). Diagram of a rod cell from 
the frog’s retina. The ‘scolloped’ circle at 
the side represents in outline a section of 
the cylindrical outer segment. (W. J. 
Schmidt, Kolloid-Z, 85, p. 137, 1938.) 








Fig. 2 (right). Schmidt's model of the 
structure of the outer segment of a rod. 
The disks of fatty material are supposed 
to consist of double layers of oriented 
molecules (of lecithin) embedded in protein 
that contains the light sensitive pigment on 
which vision depends. (W. J. Schmidt, 
Kolloid-Z, 85, p. 137, 1938.) 
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eye. Such work often has quite direct application to 
lighting, and I shall return to it a little later. In the 
other broad category of visual research, attention is 
concentrated on the successive processes within the 
perceiving organism that follow the entry of light 
into the eye. 

The objects of study include the properties of the 
light receptors in the retina and of the photosensitive 
pigments they contain, the nature of the process in 
the retina by which nerve pulses are initiated, and 
the propagation and elaboration of these nerve 
pulses in the neural pathways from receptors to 
brain. The techniques used belong largely to bio- 
physics, biochemistry and electrophysiology, and the 
visual system studied is generally not that of man 
but of various experimental animals—frog, cat, ‘crab’ 
and so on. This is in part because of the greater 
simplicity of the visual mechanism possessed by some 
of the experimental animals, but more because of the 
obvious advantage of being able to dissect out the 
parts of the visual system and conduct other experi- 
ments that involve interference with the animal. The 
results of research on these lines are no less fascinat- 
ing in their own way than the intricate physics of the 
discharge tube and the fluorescent crystal. We 
cannot, it is true, expect any immediate or direct 
impact on lighting from the results obtained; but, 
as lighting men, we must be particularly interested in 
the deeper understanding these studies give of the 
working of the sense for which, to a great extent, all 
our efforts are designed to cater. 


Structure of rod and cone elements 


To take a quick glance at one or two advances in 
this field, we may note first that the application of 
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the electron microscope has thrown a good deal of 
new light on the structure of the rod-shaped orcone- 
shaped outer segments of the visual receptor cells. 
These cells constitute one of the layers of the retina, 
on which the visual image is formed by the eye- 
lens, and their outer segments are the visual trans- 
ducers, where the essential visual act—the conversion 
of light into activity of another kind—takes place. 
Fig. 1 is just a reminder of the general structure of a 
rod receptor cell. When the cell is in its place in the 
retina, the light is incident from below and passes 
through to the cylindrical or rod-shaped outer 
segment. There was a time when this outer segment 
was thought of rather vaguely as a test tube con- 
taining a solution of the visual photosensitive 
pigment. But in fact the outer segment has a charac- 
teristic structure. The studies of W. J. Schmidt, 
largely by polarization methods using the optical 
microscope, led to a picture of the outer segment as 
an assembly of some hundreds of discs of fatty 
material interleaved with protein to form a long 
stratified column, somewhat resembling a pile of 
coins. His tentative scheme is shown in Fig. 2. The 


pile-of-coins picture was greatly strengthened when 
it was found by Sjéstrand that the outer segment 
could easily be fragmented and that the individual 
fragments, when examined under the electron micro- 
scope, proved to be thin discs, or clumps consisting 
of a few such discs stacked together. The following 
figure (Fig. 3) shows a beautiful electron micrograph 
of a disc from the outer segment of a frog’s rod 
receptor. This was obtained recently by Fernandez- 
Moran, and it shows particularly well the indenta- 
tions in the disc corresponding to fluting of the outer 
segment which is commonly present in the rod of the 
frog. A further step forward was the production of 
electron micrographs of thin sections of the whole 
outer segment—especially longitudinal sections 
which intersect hundreds of discs and make the 
stratification directly visible. The next two figures 
(4 and 5), which are taken from the work of Moody 
and Robertson, show such sections for the rod and 
the cone outer segments of the frog. The fine dark 
line stratification is apparent in both cases. Under 
higher resolutions it can be seen that the dark lines 
are themselves stratified, and in such a way that a 


Fig. 3. Electron micrograph of a single 
unit disk from the outer segment of a rod 
from the frog’s retina. (The latex particles 
have been added to the preparation to 
provide a size calibration.)(H. Fernandez- 
Moran, Rev. Mod. Phys., 31, p. 319, 
1959. Reproduced by kind permission of 
Professor H. Fernandez-Mordn and the 
publishers of Reviews of Modern 
Physics.) 
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Fig. 4. Electron micrograph of longitudinal section through a rod of the frog’s retina. The initial part of the stratified 
outer segment (O.S.) is shown as well as the junction with the inner segment (1.S.).(M. F. Moody and J. D. Robertson, 
J. Biophys. Biochem. Cytology, 7, p. 87, 1960.) 
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Fig. 5. Electron micrograph of longitudinal section through a cone of the frog’s retina, showing inner and outer 
segments. (This preparation includes an oil drop (0.d.).) (M. F. Moody and J. D. Robertson, J. Biophys. Biochem. 
Cytology, 7, p. 87, 1960.) 
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most interesting modification of the pile-of-coins 
structure emerges. I will go straight to the new con- 
clusions that have been reached independently by 
Moody and Robertson, and by Sjéstrand. It appears 
that the apparently independent discs—at least in the 
outer segments of the cones—are in fact folds or in- 
tuckings of the continuous cell wall or membrane. 
A simplified diagram, with a very small number of 
in-tuckings, illustrating this idea for the case of a cone 
outer segment, is shown in Fig. 6; this is due to 
Moody and Robertson. A part of the outer segment 
is cut away to indicate that, in a section like that 
made by plane B in the diagram, double layers 
corresponding to the discs or strata will have closed 
ends on one boundary of the stratified region of the 
section and open ends on the other. A remarkable 








electron micrograph of Sjéstrand’s (Fig. 7), showing 
the boundaries of the outer segments of adjoining 
twin cones, exhibits just this difference; in the left- 
hand cone the double layer strata have closed ends 
or loops at the margin, while for the right-hand cone 
they have open ends. 

It is known, from other work, that the molecules 
of the photosensitive visual pigment are anchored 
down in the outer segment. In fact, their direction of 
maximum absorption is always turned in the right 
way to receive and to absorb most efficiently the 
on-coming light. This makes it probable that the 
molecules are attached to the folds of the membrane. 
The new picture of the visual transducer that begins 
to emerge is of a continuous cell membrane loaded 
with the photosensitive pigment, and marvellously 


Fig. 6 (left). Moody and Robertson's simplified diagram of the structure of the outer segment of an amphibian cone, 
showing how the strata or lamellae are formed by in-tucking of the cell membrane. (M. F. Moody and J. D. Robertson, 
J. Biophys. Biochem. Cytology, 7, p. 87, 1960.) (Figs. 4, 5 and 6 are reproduced by kind permission of Drs M. F. 
Moody and J. D. Robertson, and the publishers of the Journal of Biophysical and Biochemical Cytology.) 


Fig. 7 (right). Electron micrograph showing peripheral parts of two outer segments of two twin cones of the perch 
retina. The closed (loop) ends of the ‘disks’ at the right-hand edge of the outer segment on the left, contrast with the 
open (bifurcated) ends of the ‘disks’ at the left-hand edge of the outer segment on the right. (F. S. Sjéstrand, Rev. 
Mod. Phys., 31, 301, 1959. Reproduced by kind permission of Dr F. S. Sjéstrand and the publishers of Reviews of 


Modern Physics.) 
58 
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tucked-in or folded so that light incident in the 
normal way on the retina has to pass through the 
double membrane thickness a hundred or more 
times in its passage down the outer segment. On the 
most generally accepted view, the absorption of just 
one quantum of light in one molecule of the photo- 
sensitive pigment is sufficient to activate a retinal 
receptor, although several receptors must be activated 
to produce an actual sensation of light. How the 
absorption of just one light quantum initiates an 
effect in the outer segment, that is passed on later 
in the form of nerve pulses, is still obscure. It is 
well known, however, that pulse transmission in any 
nerve fibre is a process closely associated with the 
nerve wall or membrane. It may be as Moody and 
Robertson suggest that the placing of photosensitive 
molecules on a continuous cell membrane is an 
important factor in securing the further transmission 
of the effects of light absorption in these pigment 
molecules. 


Visual pigments 

Knowledge of the visual pigments themselves has 
greatly increased. The much-studied visual purple or 
rhodopsin, present in the rods, which in man are the 
receptors of dark-adapted vision, is now only one of 
a large number of different photosensitive pigments 
observed in experimental animals. The spectral 
absorption curves of nearly all the retinal photo- 
sensitive pigments observed in solution are similar 


in shape to that of visual purple, but they are dis- 
placed to different positions along the spectrum. 
The wavelength of maximum light absorption is 
therefore a main distinguishing characteristic of any 
visual pigment. The chart in Fig. 8, which is due to 
Crescitelli, shows the position of this maximum 
wavelength for some thirty pigments which he ex- 
tracted from vertebrate eyes—mammals, birds, fish 
and so on—and which he measured in solution. We 
observe that the wavelength of maximum absorption 
varies from about 478 to 534 mu. This wide range of 
photosensitive pigments, all believed to be present 
in the rod receptors of the animals studied, shows 
that it is no longer possible to admit the theory 
which was favoured only a few years ago, that only 
two photosensitive pigments—rhodopsin and por- 
phyropsin—are concerned in the rod vision of 
vertebrates. 

The molecules of all, or nearly all, the visual 
pigments appear to be built on a common plan. Each 
consists of a large protein component to which are 
attached one or two smaller molecular groups—the 
chromophores—in which the characteristic light 
absorption of the pigment takes place. Nature has 
been particularly economical in her use of chromo- 
phores for visual pigments. On present evidence, 
only two are used. These are the so-called retinene, 
and retinene, molecules, closely related chemically 
to the two kinds of vitamin A. Thus, despite the 
large increase in the number of rod pigments that 
have been observed, they still fall into two classes 


Fig. 8. Wavelengths of maximum absorp- 
tion for visual pigments obtained from the 
retinae of a wide range of vertebrates. 
The full and dotted lines correspond 
respectively to pigments with chromo- 
phores of retinene, and retinene, types. 
(F. Crescitelli, Photobiology. Proc. of the 
Nineteenth Annual Biology Colloquium, 
Oregon State College, April 1938, p. 30. 
Reproduced by kind permission of Dr F. 
Crescitelli and the publishers of Biology 
Colloquium Proceedings, Oregon.) 
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Fig. 9. Hypothetical scheme showing the effect of light on vertebrate rhodopsins. (A. Kropf and Ruth Hubbard, 
Ann. New York Acad. of Sci., 74, p. 266, 1958. Reproduced by kind permission of Drs Kropf and Hubbard and the 


New York Academy of Science.) 


depending on the chromophore used. The shifts in 
the wavelength of the maximum absorption in the 
pigments of one class must arise from differences in 
the protein component of the pigment in different 
animals. According to recent findings, the protein 
component for some groups of animals may have 
been modified in the course of evolution so as to 
produce maximum absorption at the wavelength 
most suitable for the living conditions of the animal. 
In Crescitelli’s chart, the wavelengths of maximum 
absorption for the rod pigments of salt-water fish— 
the marine teleosts—cover a range from approxi- 
mately 478 to 515 mp, if we confine attention to 
pigments of one class, those using retinene, as the 
chromophore. For these salt-water fish, the wave- 
length of maximum absorption tends to be shifted 
towards the blue as the depth of the normal habitat 
increases. This may well correspond to the in- 
creasing blueness of the daylight that percolates 
down to the fish at greater depths. 

Visual pigments from the cone receptors of the 
retina, that in man serve ordinary daylight vision 
with colour discrimination, have proved much more 
difficult to detect by examination of retinal extracts 
or of whole retinae removed from the eye. In fact 
only one or two such cone pigments have been 
observed in this way. In particular, no photo- 
sensitive pigment other than visual purple has been 
extracted from human eyes. But the work of Rushton 
and his collaborators has shown that many of the 
properties of the photosensitive pigments in the 
living eye of man can be determined by employing 
the principle of the ophthalmoscope. A light beam 
sent into the eye pupil is reflected at the back of the 
eye, the fundus, and when it emerges it has been 
partially absorbed by any pigment present in the 
retina. If the pigment is light-sensitive it can be 
bleached by exposing the eye to a strong light, and 
by measuring the consequent change in spectral 
reflection factor of the fundus, the difference 
spectrum, the bleaching rate, the rate of regeneration 
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and some other properties of the photosensitive 
pigment can be deduced. The beauty of this method 
is that it can be used to study the visual pigments in 
the very small central area of the human retina that 
is particularly the site of colour-vision, and which 
contains none of the rod-pigment, visual purple, to 
confuse the results. In this way two of the three 
pigments in the cone receptors of man, on which 
colour-vision depends, have been detected and 
measured. Their maximum absorptions have been 
located at about 540 and 590 mp respectively. The 
measurements are difficult and not all details of the 
results are understood, but there is now the pos- 
sibility of explaining some of the basic characteristics 
of normal and defective colour-vision in terms of 
objectively-determined pigment properties. 

The first effect of the absorption of a light quantum 
by a molecule of visual pigment is merely to 
straighten out the chromophore group. A chain of 
experiments, principally by the American investi- 
gators Hubbard and Wald, has shown that, when it 
is attached to the protein, the chromophore—a fairly 
long chain molecule—is bent in the middle. In fact 
it is only in this particular isomeric form that it will 
stick to the protein. The hypothetical scheme of 
Kropf and Hubbard showing what happens when a 
light quantum is absorbed by the chromophore 
group is reproduced in Fig. 9. The left-hand sketch 
represents the bent chromophore group fitting into 
the much larger protein molecule. Its main bond of 
attachment is marked by the black dot. With the 
absorption of a light quantum, the bent chromophore 
straightens out as shown in the middle sketch, and, 
in this position, it becomes vulnerable to the action 
of water in the surrounding medium. This leads 
eventually to the breaking of the bond, and separa- 
tion of chromophore and protein. There is little 
change in the spectral absorption curve in the first 
process, but once the main band is broken the 
absorption band of the chromophore shifts from the 
visible to the ultraviolet, and the visual pigment 
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molecule is bleached. While there are some diffi- 
culties, much evidence supports this model of the 
initial stage of the visual process. But at this point 
the trail of what happens is lost. It is picked up again 
by recording the electrical impulses produced in the 
nerve system beyond the receptors. 


Light stimulus and nerve impulses 

Many years of study of the signals obtainable from 
micro-electrodes inserted in the retinae of experi- 
mental animals have established some of the main 


Fig. 10. (above) Section through part of a lateral eve of 
an adult Limulus, perpendicular to the cornea. (H. K. 
Hartline, H. G. Wagner, F. Ratliff, J. of Gen. Physiol., 
39, p. 651, 1956. Reproduced by kind permission of Drs 
Hartline, Wagner and Ratliff and the publishers of the 
Journal of General Physiology.) 


Fig. 11. (right) Schematic diagram of one of the experi- 
mental arrangements used in experiments on mutual 
inhibition in the eye of Limulus. (H. K. Hartline, Rev. 
Mod. Phys., 31, p. 515, 1959. Reproduced by kind 
permission of Dr Hartline and the publishers of Reviews 
of Modern Physics.) 
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relations between the light stimulus and the nerve 
impulses it produces. By the insertion of electrodes 
in the appropriate receiving area of the brain—the 
visual cortex—this work is now being extended to 
higher levels. A great deal of attention has been 
devoted to the way the nerve signals are modified by 
changing the colour of the light stimulus. But I will 
take as an example of progress in this field new 
experiments by Ratliff and Hartline, dealing with the 
way in which one light stimulus can inhibit the visual 
effect of another stimulus. Like much earlier work 
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by Hartline, the investigations were made on the 
eye of a rather rare animal, the horse-shoe crab, 
Limulus, which is found on certain parts of the east 
coast of North America. This eye is much simpler 
than the vertebrate eye. The optic nerve consists in 
fact of a bundle of nerve fibres each connected 
directly to a single visual receptor element (ommati- 
dium). These receptor elements are seen as the dark 
blobs in the section of the eye shown in Fig. 10; the 
bundle of fibres at the bottom of the picture is the 
beginning of the optic nerve. There are, however, 
fine side branches to the fibres. These mesh together 
and provide a means for the nerve impulses in the 
different fibres to interact. The scheme of a typical 
experiment is shown in Fig. 11. The nerve fibres 
corresponding to the blacked-out receptor elements 
have been dissected out from the optic nerve and 
connected to separate amplifiers, which record the 
nerve impulses produced when the elements are 
stimulated. When a single receptor element is steadily 
illuminated—all the others being kept in the dark— 
the frequency of the nerve impulses in the attached 
fibres settles down after a fraction of a second to a 
steady value that depends only on the light intensity. 
But if two elements are illuminated simultaneously, 
the frequency of the response in each is lower than 
when it is illuminated alone. There is mutual in- 
hibition. By many quantitative experiments of this 
kind, Ratliff, Hartline and their collaborators have 
been able to show that the reduction in frequency 
experienced by each element is dependent in a simple 
linear way on the frequency of the impulses in the 
other element, as reduced of course by the effect of 
the first element. When many elements at various 
parts of the eye are illuminated together, for example 
by imaging a light pattern on the eye, the response 
frequencies in the fibres are the resultant of the 
mutual inhibition of every pair of elements. More- 
over, because of the simple quantitative law that has 
been established, the resultant fibre frequencies are 
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Fig. 12. Frequency of impulse discharge in the 
receptors of Limulus when a simple edge contrast 
pattern (inset) was projected on to the eye. The 
upper graph represents the responses of an individual 
element at different distances from the contrast edge, 
when all other elements are screened from the 
pattern. The lower graph represents the response 
when the other elements are simultaneously exposed 
to the pattern. (F. Ratliff and H. K. Hartline, J. of 
Gen. Physiol., 42, p. 1241, 1959. Reproduced by 
kind permission of Drs F. Ratliff and H. K. Hartline 
and the publishers of the Journal of General 
Physiology.) 
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determinable in principle by solving a set of linear 
equations. This quantitative treatment of inhibition 
represents a great advance. Its importance lies not so 
much in the information it gives about the eye of the 
horse-shoe crab—a rather uninspiring animal in- 
cidentally—but in the possibility that a similar 
mechanism may be operating in the early stages of 
the visual nervous system of vertebrates, including 
man. It may seen unlikely that the characteristics 
of such early stages should be recognizable in the 
final visual response. However, some peripheral 
properties of the visual mechanism do, as it were, 
‘come through’. For example, the properties of visual 
pigments are inferrable in part from colour-matching 
observations. A comparison made by Ratliff and 
Hartline is interesting in this connection. They 
imaged a simple brightness contrast pattern on the 
eye of Limulus and determined the response fre- 
quencies of the fibres on a line at right angles to the 
contrast edge. The curves in Fig. 12 show firstly 
how the fibre response frequency varies across the 
edge when only one receptor at a time is exposed to 
the pattern, and secondly, the variation when the 
mutually inhibiting receptors are all exposed to- 
gether. The maximum and minimum in the second 
curve are analogous to the variations in apparent 
brightness that we ourselves observe at a suitably 
graded transition from a bright area to a dark area, 
in the visual phenomenon known as Mach bands. It 
would certainly not be justifiable to jump from simple 
analogies of this kind to the conclusion that apparent 
brightness in human vision is proportional or simply 
related to the frequencies of nerve impulses in fibres 
belonging to the visual receptor cells. Apart from the 
enormous difference between the comparatively 
simple eye of the horse-shoe crab Limulus and the 
much more highly organized vertebrate eye, the fact 
that the fibre frequencies measured are the steady 
values means that no account is taken of the more 
complicated changes in the response frequencies 
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when the stimulus pattern is not held absolutely 
stationary on the retina. 


Involuntary motions of the eye 


That absolutely stationary retinal images are never 
produced in normal vision has been brought home 
to us by new studies of the various involuntary or 
semi-voluntary motions of the eye that occur even 
when we try to gaze steadily at an object. Improved 
methods of measuring the different kinds of in- 
voluntary eye motions were first introduced. They 
showed that three types of motion could be dis- 
tinguished: a slow drift corresponding to a rate of 
turn of about five minutes of arc per second, occa- 
sional flicks of between one minute and one degree 
in extent, and a fine tremor with amplitude of the 
order of half a minute or less. These data are given 
by Ditchburn, who, with his collaborators, is making 
such important contributions to this subject. To find 
out the role of involuntary eye motions in vision, 
these workers devised various special optical systems 
by which the effect of eye motions on the retinal 
image of an object could be completely neutralized. 
Thus the image of the object on the observer’s retina 
remained quite stationary, and the changing visual 
appearance and the modification of visual perform- 
ance could be noted. It has become clear from this 
work that the eye’s power of discriminating both 
brightness and colour contrasts depends essentially 
on the eye-motions. When the eye motions are 
neutralized, weak object contrasts fade completely 
and stronger ones are visible only intermittently. 
Moreover, there are interesting differences in the 
effects on the visibility of contrasts between different 
pairs of colours. An important feature of the many 
detailed effects being observed by this technique is 
that there is a reasonable hope of obtaining ex- 
planations in terms of electrophysiological data 
about the character of the nerve signals produced by 
light stimuli. If successful this would provide a 
valuable link between two kinds of visual study. 


Visual capacities and sensory psychology 

With the experiments of Ditchburn we are back in 
the first category of visual research, where the re- 
sponse of the intact animal is being studied, although 
for the work with stabilized retinal images the con- 
ditions are distinctly unnatural. The immediate value 
to illuminating engineers of this kind of research, or 
I should say of one section of it, has been the 
accumulation of a mass of experimental data and 
co-ordinating empirical laws, relating to what a 
former President of the Society (the late Sir John 
Parsons) liked to call visual capacities—visual 
acuity, contrast sensitivity, colour discrimination, 
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critical flicker frequency, and so on—which have 
been determined for various brightness conditions 
in the visual field. Here again the original objectives 
of much of the work have been towards inferring 
what goes on within the visual apparatus, and to 
rounding off the picture of the visual process pro- 
vided by the more strictly physiological methods. 
From the standpoint of the lighting man the con- 
ditions of the measurements have sometimes seemed 
rather artificial or over-simplified, so as to make the 
immediate application of the data to practical con- 
ditions of seeing difficult or questionable. The light- 
ing problems in which the results of studies of visual 
capacities have proved most useful are those in- 
volving limiting conditions of vision, where, for 
example, the eye is forced back on the mere de- 
tection of objects or the grosser discrimination of 
colours, and, be it added, where something like the 
simplicity of the laboratory experiments is present 
in the actual situation. Successful applications of 
this kind that come to mind are the setting-up of 
chromaticity limits for multiple-colour signalling 
systems, and the evaluation of disability glare in the 
car headlight problem. Naturally the properties of 
the eye at which the measurements of visual capaci- 
ties are aimed play a part in vision in all circum- 
stances, but there are several reasons why, in applica- 
tions, there has been some shift of emphasis away 
from these particular properties. In the first place, 
the general increase in illumination levels, both in 
interior and exterior lighting, has meant that the 
simpler tasks tend to be no longer critical for the eye. 
On the other hand, the breakdown of more intricate 
tasks into elements to which the data of visual 
capacities are applicable runs into serious difficulties, 
and the validity of derivations of overall perform- 
ance by this route are, to say the least, controversial. 
Perhaps the main factor, however, is the increasing 
realization that the whole pattern of objects and 
environment that is being lighted has meaning, and 
that the possession of visual capacity to perceive 
every element in what lies before us may not be 
enough to ensure optimal or even satisfactory seeing. 

Here we move into the field of sensory psychology 
with a long history of experiments and theory. 
Among the subjects extensively studied are the 
phenomena of brightness and colour constancy, and 
phenomenal regression, that is to say the modifica- 
tions of our judgments of apparent size, shape, dis- 
tance, brightness and the like when visual or non- 
visual cues in the environment give us knowledge of 
the actual properties and positions of the objects, 
the nature and arrangements of the light sources and 
so on. There is no doubt that such phenomena play 
an important part in everyday seeing, and much of 
the work done, particularly some of the experimental 
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results, has relevance to lighting problems. Naturally 
the sensory psychologist’s main interest is in a deeper 
understanding of the processes of perception. The 
elaboration of rather abstract theories to explain 
what is observed in fairly elementary perceptual 
situations has been a feature of the subject. To apply 
the conclusions to lighting is not easy. 

I would remark at this point on a noteworthy 
difference between, on the one hand, the research 
activities of physicists, chemists and engineers lead- 
ing to new light sources, new lighting materials and 
devices and, on the other hand, the elucidation of 
the visual processes bearing on lighting by the 
specialist physiologist, psychophysicist or psycholo- 
gist. In the former case there is the strong induce- 
ment of producing a tangible end-product, that will 
not only patently contribute to better lighting but 
which will also be saleable, and the proceeds of the 
sales will offset the costs of the research. Increased 
knowledge of vision is both more difficult to bring 
to the point where it has practical repercussions in 
lighting and, when this does happen, the outcome is 
in general a more gradual improvement, that slowly 
permeates into lighting design and practice. It is 
understandable that the visual research worker tends 
to gravitate to the problems that he finds most 
scientifically stimulating, but which from the stand- 
point of applications may be of very long range 
indeed. 


Lighting Research 

In the development of lighting it was realized by 
such men as Sir Clifford Paterson and Sir John 
Parsons—to name two outstanding examples in this 
country—that research on many of the visual prob- 
lems of illuminating engineering would have to be 
undertaken by those primarily concerned with light- 
ing or directly briefed by the lighting man. Parti- 
cularly in the United States and in this country, 
facilities were made available for such work in the 
laboratories of the lamp industry and of certain in- 
terested government departments. Of the many 
valuable investigations that have been made over 
the years, I will mention particularly the study of 
discomfort glare. This is interesting because, at the 
time, the whole notion of discomfort presented such 
great difficulty to the specialist psychologist, in whose 
field it would appear to lie. I think it would be fair to 
say that he was not inclined to divert research effort 
to such an unpromising subject as the relations of 
discomfort and lighting. The frontal attack on dis- 
comfort glare in lighting by researchers working with 
the application firmly in view has produced, as you 
know, a body of data and working formulae that 
promises to play an important part in all future 
lighting design. Of course the understanding in more 
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fundamental terms of what lies beneath the em- 
pirical laws has still to come. Studies of this kind, 
perhaps more than any other research activities 
bearing on lighting, may properly be called lighting 
research. In them the provision of working solutions 
of lighting problems is paramount, and often methods 
and notions which appear unorthodox may be used 
and justified by their successful application. I men- 
tioned the work on discomfort glare ; other examples 
illustrating different aspects of lighting research are 
Calvert’s analysis of the conditions of vision in the 
landing of aircraft by various systems of approach 
lighting and the parafoveal streamer theory of the 
visual judgments involved ; Crawford’s direct deter- 
mination of colour-rendering tolerances by viewing 
complex coloured scenes; and the development of 
principles for the design of the visual field, with 
which Mr Waldram’s name is particularly associated. 
The laboratories of the lamp industry have been the 
constant source of lighting research and we may 
trust that this will continue to be the case in the 
future. As far as government laboratories are con- 
cerned, I am pleased to be able to recall that in the 
days of the Illumination Research Committee before 
1939, much of the Committee’s programme of work 
was Carried out at the National Physical Laboratory 
under the direction of my old chief, Dr J. W. T. 
Walsh, and NPL staff played a small part in 
Weston’s now classic research on visual performance. 
Since the war, work on such problems as visibility 
in streets, daylight, glare and the like, has been taken 
over and greatly extended by the Building Research 
Station and the Road Research Laboratory. At the 
Institute of Ophthalmology, a small group on occupa- 
tional optics has carried out work lying squarely in 
the lighting field. Various questions, particularly 
involving colour, have been treated in the Depart- 
ment of Applied Optics of Imperial College, and 
there are a number of other places where, from time 
to time, investigations in the category of lighting 
research are carried out. Thus the facilities for 
lighting research, in the narrower sense in which | 
have just used the term, are by no means incon- 
siderable, although, by the naiure of the case, they 
are distributed among establishments with diverse 
aims. 

I have tried to illustrate the complex research 
background of lighting by dwelling a little on the 
nature of the work being done in connection with 
light production and vision. But the picture is of 
course very incomplete. Developments in glass 
technology and plastics chemistry, by quite different 
groups of physicists and chemists from those con- 
cerned with light sources, lead to improved lighting 
materials that are of no less interest to the illuminat- 
ing engineer. Again, the human eye is by no means 
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the only photo-receptor with which lighting is con- 
cerned. We observe the increasing use of artificial 
light in the control of plant and animal life. In many 
such applications the spectral composition of the 
light, the time phasing of the exposures, and the 
direction of illumination are among the factors that 
go to determine optimum conditions. They are the 
object of much work in photo-biology at the present 
time, from which there will emerge, no doubt, new 
lighting prescriptions to the illuminating engineer. 
Compared with lighting for vision the problems often 
present unusual complications, because the cumula- 
tive action of light over long periods is involved. For 
example, the effects on the germination and growth 
of plants of exposures to light of one colour may be 
reversed by subsequent exposure to light of another 
colour, and the relations between intensity and ex- 
posure time are rarely straightforward. On the other 
hand, the results of the lighting in terms of increased 
growth, more eggs and so on are often rather easier 
to assess than in the visual case. We already have 
counterparts of the relative luminous efficiency curve 
of the eye, that aim to assess the erythemal or skin- 
reddening effects of various radiations, the germicidal 
effect, and so on. But in many biological applications 
the characterization of radiation in terms of a single 
response curve is likely to be inadequate, and com- 
plexities comparable with those of the colour-render- 
ing problem will have to be met. 

It has not been a part of my subject to refer to the 
lively interest of this Society in new architectural or 
design developments, or to the aspects of lighting 
which call for an aesthetic rather than a scientific 
approach. But when these interests are added to 
those I have discussed in this address, the problem 
of keeping in touch with the whole background of 
our subject appears a formidable one indeed. The 
Society does much to overcome the difficulty by its 
lectures-of-honour, by papers and by addresses— 
both in London and in the Centres—from invited 
specialists in different fields. The need for this kind 
of activity must surely grow. In closing, I would 
express the hope, and the belief, that the Society 
will not be found wanting in meeting this need. 


Vote of Thanks 

Dr J. W. T. WALSH, proposing a vote of thanks to 
Dr W. S. Stiles, said: You will readily understand 
what great pleasure it gives me to be able to propose 
this vote of thanks to a former colleague of many 
years standing. It was, as you have heard, a few 
years after the 1914-18 war that Dr Stiles joined 
Dr Buckley and me at the National Physical Labora- 
tory. Incidentally, | am sure Dr Stiles will be in- 
terested to know that I have recently heard from 
Dr Buckley, who is now in the wilds of Africa, and 
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that he expresses great pleasure at seeing the third 
of the triumvirate elected to the Presidential Chair 
of the Society. Soon after his arrival it became 
apparent that Dr Stiles was a research worker par 
excellence. There are many different kinds of people 
at the NPL, but the born research worker only 
comes along now and again; and in due course as 
a result of Dr Stiles’s work for the Illumination 
Research Committee he attracted the attention of 
Sir John Parsons, who had an uncanny knack of 
picking out, at a very early stage, the man who 
would later make his mark in scientific research. 

Turning to Dr Stiles’s address, may I say that I 
think it was thoroughly characteristic. He never 
spared his readers when preparing a report at the 
NPL or a paper for the Royal Society, and he always 
demands no little intellectual effort on the part of an 
audience. The majority of Dr Stiles’s papers have 
been presented to the Royal, and it was therefore no 
surprise when he was elected to Fellowship of that, 
the premier scientific society in the world. I think it is 
particularly valuable that Dr Stiles should have 
emphasized to his audience tonight the important 
place which research takes in the progress of lighting. 
To my mind the advance of any technology is very 
closely linked with the research effort which lies 
behind it. If this is so, the lighting industry is very 
fortunate in the intensity of the research activity 
connected with its development and the number of 
those engaged in investigating its many problems. 
Among them Dr Stiles is recognized as outstanding, 
and I have great pleasure in moving a hearty vote of 
thanks to him for his Presidential address. 

Mr W. R. STEVENS, seconding the vote of thanks, 
said: Dr Walsh has proposed this vote of thanks as 
the ‘old chief’. I second it as from the worm’s eye 
view of one who, more than thirty years ago, was a 
very junior member of Dr Walsh’s staff at the NPL. 
The team there was certainly one of the finest ever 
assembled to work on photometry and vision, and 
Dr Stiles was clearly destined to be one of its most 
important members. He was held in awe by most of 
us. He wrote papers whose titles, even, were in- 
comprehensible to me—and I suspect to some of 
my seniors. His influence on his subject was sub- 
stantial and has increased. In those days | did not 
have the privilege of working for Dr Stiles : but more 
recently I have been associated with him, particularly 
on the National Illumination Committee, and the 
awe has turned to respect and esteem for his broad- 
ness of approach to problems outside technical 
ones. 

The Society has waited all too long for Dr Stiles 
to take the Presidency. Quite clearly, we shall greatly 
profit from his guidance and I hope that in return 
Dr Stiles will derive great pleasure from his labours. 
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Visual Problems on Motorways 


By J. M. WALDRAM, BSSc., A.M.LE.E., F.Inst. P. (Fellow) 


Summary 

The visual problems of drivers on the motorway have been studied by new techniques and 
compared with the problems on traffic routes, with special reference to the possible need for fixed 
lighting. By day the visual problems are generally much less severe on the motorways, but the 
vehicle and the driver have less in hand to cope with emergencies and consequences of an accident 
are often more grave. By night the information presented to the driver by headlights, reflector 
studs, rear lights and signals are found to be inadequate and often confusing. Fixed lighting of 
good quality has been shown to be capable of giving the driver all the information he needs, and 
it is concluded that a technical case for its installation can be made out. The accident rate on 
motorways is fow at present traffic density, but on motorways abroad where the density is greater 
high accident rates occurred which have been substantially iowered by the installation of fixed 
lighting. Technical characteristics for fixed lighting on the motorway are derived from the 
observed requirements. The paper does not discuss questions of engineering, economics 
or policy. Some suggestions for guidance and visual signalling on the motorway are discussed in 


an appendix. 


(1) Introduction 


There has been much debate in this and other 
countries as to whether motorways should or should 
not be artificially lighted. The question is one for 
Governments, not for technical societies, and it 
would be inappropriate for this paper to enter that 
discussion. There is, however, a contribution for the 
lighting engineer to make, not only in designing the 
lighting if, or in case, it is required, but more funda- 
mentally, and as a necessary preliminary to either 
decision or design, to decide just what the lighting 
has to do. 

Hitherto such lighting as has been installed or 
proposed for motorways has been based upon 
traffic route practice without much evidence of 
fundamental study of the problems. The present 
paper does not discuss solutions, but is addressed to 
the visual requirements of drivers on the motorway, 
and the ways in which they differ from those on 
traffic routes ; whether these requirements are met at 
present; if not, whether fixed lighting could meet 
them ; and if so, what its characteristics should be. 

The work described forms the second part of a 
programme of research of which the first part has 
recently been described in a paper to The Association 
of Public Lighting Engineers,’ which should be con- 
sulted for details. For clarity, the arguments and 
methods used, and the main conclusions concerning 
traffic routes, will be summarized here, for a com- 
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parison of conditions on the motorways with those 
on traffic routes is essential. 


(2) Principle of Approach 


The basic problem of road design is to permit 
movement of traffic which is at once expeditious and 
safe, two requirements which conflict. Lighting is 
installed to assist both, and the more urgent prob- 
lems are those associated with safety. However, 
lighting does not directly bring about either safety 
or expedition ; its contribution is to give to drivers 
at night the information which they need in order to 
drive both fast and safely. The work described here 
and in the previous paper is therefore directed to 
two questions: (1) what, exactly, does the driver 
need to see, and with what emphasis? and (2) how, 
and by what mechanism, is that information pre- 
sented to him in differing lighting conditions, such 
as daylight of various kinds and by artificial light? 
These studies give the possibility of unravelling the 
real importance of technical features of the lighting, 
such as emphasis, glare, patchiness, level etc. which 
could not possibly be assessed by the classical 
method of analysis of accident rates. They also 
permit the appraisal of essential differences between 
conditions in traffic routes and on the motorways 
which bear on the question of whether the latter 
should be lighted, and can indicate whether the 
lighting systems need to be different in the two cases. 


(2.1) Methods of study 
The principal method of study was to drive a 
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vehicle equipped with a tape recorder, and to dictate 
a continuous account of what one was looking at 
and the features which were important. In a second 
part of the study, addressed to the second of the two 
questions given above, the method was similar but the 
driver, or a passenger, dictated notes upon those 
features of the road or of obstructions on it which 
were revealed notably clearly or badly, and on the 
reasons, commenting on effects of background, 
colour, mist, detail and so forth. Both series of 
recordings were supported by films taken from the 
driver’s viewpoint in synchronism with the com- 
mentary, so that the whole situation could be cap- 
tured for further laboratory study, and by another 
film showing his operation of the controls. In work 
on traffic routes, a further study was made with the 
collaboration of the Road Research Laboratory and 
the Medical Research Council Applied Psychology 
Research Unit at Cambridge, by whom a film was 
made showing the eye movements of two drivers in 
a series of streets by day and night in different traffic 
and weather conditions. These and other methods 
described in the previous paper gave interesting 
results : however, the main results are to be found in 
the sharpened and systematic observation which 
they encouraged, which could not be recorded. A 
further series of observations and films was made 
on the M1 motorway, both by day and at night by the 
light of headlamps (itself something of a photo- 
graphic feat), and inspections were also made of 
motorways abroad. This paper is based upon all 
these studies. 


(3) Driving in Traffic Routes 

The following is a summary of results detailed in 
the previous paper. The driver was found to ‘read’ 
the traffic and the road situation at a glance, as a 
reader reads print: he recognizes the familiar pat- 
terns of traffic, from which he knows by experience 
the action to be taken. The process is continual and 
almost automatic. His decisions are taken well in 
advance, usually 2-300 ft. ahead; no good driver 
acts normally by ‘split second’ timing. Unlike a 
reader, however, he has to select the important ele- 
ments from a mass of irrelevant visual detail, reject- 
ing the unimportant. But he cannot fixate every part 
of the scene; he normally accepts much important 
information peripherally, and takes one of three 
actions. An item may be detected and appraised and 
discarded as irrelevant, scarcely entering his con- 
sciousness; it may be noted but not fixated, if the 
driver is satisfied that he knows what the traffic 
element is and what it is about to do; or the driver 
may be alerted and the element fixated, if he is 
unsure of its existence or nature or of its possible 
action. 
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It is almost impossible to deceive the eye when it fix- 
ates purposefully, but it is vital that information which 
is received peripherally should be correctly inter- 
preted. If the driver misreads some feature peripher- 
ally, either mistaking its identity or not perceiving it 
at all, he will not fixate it, and the mistake will not be 
corrected; his appreciation of the traffic situation 
will be incorrect, and he will probably take the wrong 
action. Such cases were observed. Thus accidents are 
engendered not by failure to perceive fine detail 
when fixated, but by mistakes made peripherally or 
parafoveally, at quite low detail. 

It follows also that an unexpected movement in 
traffic is dangerous, because it disturbs a traffic pat- 
tern which has been accepted and on which other 
drivers have already taken action; this will bring 
about further unexpected movements. Sure antici- 
pation is the basis of safe driving. 

In empty traffic routes the visual conditions are 
normally easy; the driver fixates rather casually a 
little on the off side, driving by the ‘streamer effect” 
of the kerbs and especially of the centreline. He has 
to watch peripherally for possible movements on to 
the empty road, but at 30 m.p.h. he has time to look 
about. In light traffic, however, the conditions are 
much more exacting. He has to manoeuvre his 
vehicle up the gap between two streams of oncoming 
traffic—that on the off side coming at about twice 
his speed, and that on the near side (the stationary 
traffic) at his own speed. He has continually to watch 
for and anticipate movements which would close the 
gap. When following another vehicle the two proceed 
as a unit, but he looks round it—and if possible 
through it—to anticipate movements. 

The stationary vehicle was found to be one of the 
most important and potentially dangerous on the 
road—often concealed, incapable of movement itself 
but imposing movement on everyone else, as well as 
itself closing the gap. Next in importance came the 
bicycle, moving slowly but often erratically. 

In heavy traffic (except when stopped or crawling) 
the usual situation was found to be not, as often 
suggested, that the road surface cannot be seen for 
traffic, but that whereas in light traffic the driver 
can manoeuvre so that he is presented with only one 
critical traffic element at a time, in heavy traffic he 
cannot avoid having to watch several critical ele- 
ments at once. Whereas at 30 m.p.h. in light traffic 
he drives by what he sees 2—300 ft. ahead, in heavy 
traffic he may be compeiied to act on what is occur- 
ring much closer to him, and he usually reduces 
speed accordingly. 

Modern street lighting installations for traffic 
routes were found to give adequate information to 
drivers at 30 m.p.h. in good conditions in dry 
weather. They had, however, little in hand, and were 
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weak at humps in the road and for some objects on 
the footpath, both of which cases are important. 


(4) Driving on Motorways 
(4.1) Day conditions 

The first impression of motorway driving by day 
is that it is much easier than driving in traffic routes, 
as was demonstrated by a horrifying film taken in 
London traffic and speeded to motorway speeds. 
On the motorway, in spite of the much greater 
speeds, the driver has little to do, as was shown by 
films taken of his operation of the controls; he has, 
however, to be very alert and cannot look about. On 
the motorway there is far less irrelevant visual 
information ; nearly all that he sees on the carriage- 
way is important, and he has to make much less 
selection. There are no stationary vehicles or bicy- 
cles ; no opposing, turning or cross traffic; no foot- 
paths to watch even unconsciously ; and usually much 
better driving discipline. There is almost no ‘gap’ 
driving. There are no pedestrian crossings or traffic 
signals, and no advertisements, shops or extraneous 
lighting. ‘Conditions are better than on a clear traffic 
route. When other vehicles are present they are 
seldom close; and the driver drives by them, in a 
cloud of vehicles rather like aircraft in formation, 
the opening and closing rates being very slow. The 
road and fixed features are scarcely noticed, though 
they are coming past very fast; the boundaries are 
much further away than on traffic routes and the 
sensation of speed is much less. Indeed, motorway 
driving is boring; the need for keen attention is not 
obvious, and there is a temptation to relax or even 
to go to sleep on a long run. 

If driving on motorways were not much easier 
than on traffic routes by day, they would have 
failed in their purpose. They have indeed gone some 
way to demonstrate Newton's principle of the equiv- 
alence of a body at rest and a body moving with 
uniform motion in a straight line, which one ob- 
serves almost perfectly in an aeroplane. Driving 
problems are simplified by referring all motions to 
the driven car considered as stationary; on the 
motorway it almost seems to be so. But in fact the 
car is moving very fast and there are fixed objects 
about, a situation which has less advantageous 
consequences. 

A car becomes less manoeuverable as its speed 
increases, and at speed any movements relative to 
other vehicles have to be made very slowly. Hasty 
manoeuvres at speed may provoke a skid, especially 
on a wet surface, or send the vehicle out of control. 
A vehicle travelling fast is to one at 30 m.p.h. rather 
as one at 30 m.p.h. is to a bicycle: to the fast driver, 
a slow car makes everyone else manoeuvre to pass 
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it, but it can move sideways with an agility denied 
to the fast car. At speed therefore vehicles must 
move relatively with the deliberation of Bath chairs. 
This is perhaps most marked in braking. The im- 
portant case is the normal stop, not the emergency 
stop which is so often quoted. Certainly the distance 
in which a car can be arrested in emergency increases 
with speed, which is obviously important; but what 
is more important is the avoidance of the emergency 
conditions which demand such a stop, which is one 
of the most dangerous of all manoeuvres. A driver 
intending to stop from 30 m.p.h. can do so, with 
ample precautions and warning to other traffic, in a 
few hundred feet. A similar normal stop from 
70 m.p.h. requires about a quarter of a mile or more, 
and calls for deliberate planning, sometimes in- 
cluding change of lane. 

On the motorway, therefore, the driver needs 
information about other vehicles, and must give 
information about his own, with much more time in 
hand than on the traffic route. Movements which 
would be normal on a traffic route are dangerously 
unexpected at speed. He must give much greater 
clearances, and instead of fixating 2-300 ft. ahead, 
he is concerned with conditions 1,000 ft. and more 
ahead, and a similar distance astern. The most im- 
portant information, particularly on the motorway, 
is the closing rate, which is much more difficult to 
discern as the distance increases. It is detected by 
movements of the observed vehicle in the framework 
of the perspective of the road; as the distance in- 
creases these movements are proportionately less. 
Steering is also more delicate in proportion to the 
speed, and the driver relies more on the streamer 
effect for steering than he does at low speeds. For 
reasons again associated with perspective, it is much 
easier and more sensitive to steer by a centreline 
straddled by the vehicle than it is to drive by the 
lane lines, as Calvert has shown.* 

The most important difference between motorway 
and traffic route driving is that on the motorway it 
is assumed by everyone that there will be nothing 
stationary. If by any mischance there is, it is com- 
pletely unexpected and extremely dangerous. A cap- 
sized motor-cycle, or a packing case fallen from a 
vehicle, will in effect shoot through the cloud of 
oncoming vehicles rather like a car coming through 
a car park at 70 m.p.h., with the additional hazard 
of the kinetic energy of the other cars. A stationary 
obstacle is not only unexpected, but even by day it is 
difficult to appreciate in time that it is stationary, 
and that the closing rate is not a few m.p.h. but is 
equal to one’s own speed. The danger is not only 
that of colliding with the stationary object itself, but 
also in the unexpected movements which it will 
impose upon other vehicles. 
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The dangers of fog, and especially of patchy fog, 
increase as speed increases. By day one is aware of 
the presence of uniform fog, but it is extremely dan- 
gerous to run unexpectedly at speed into a denser 
patch in which vehicles ahead will have slowed down 
but are invisible. Fog is more difficult to appraise on 
the motorway because there are so few fixed objects 
close to the driver by which its density can be judged. 

The consequences of an accident at speed are 
usually far more serious than at 30 m.p.h. Not only 
does the kinetic energy of a vehicle increase as the 
square of the speed; in an accident the car is very 
likely to go completely out of control and to behave 
unexpectedly ; other vehicles are less able to avoid 
it, because of their reduced capacity for manoeuvre 
and because at speed one has travelled further before 
one can appreciate what has happened. 

It appears, therefore, that motorway driving is 
much easier than traffic route driving provided that 
all goes well, but emergencies are much more serious. 
On the motorway we now have the speeds of trains, 
with much less mass, better acceleration and better 
braking than trains, with the possibility of and 
necessity for steering, but with no rails, signals or 
control. The situation is not simple to assess, even 
by day. 


(4.2) Driving on motorways: night conditions 
The discussion of driving by day is very largely a 


statement of what the driver on the motorway needs 
to see, and how these needs differ from those in 
traffic routes. They are the requirements which a 
successful lighting installation will have to meet, 
though not the only requirements. There is, however, 
much interest in examining the conditions at night 
as they are, without fixed lighting, since this may 
indicate whether a technical case exists for fixed 
lighting. 

At present night driving is by headlights, and one 
can see very little with them. For a substantial part 
of the time they have to be used dipped, although 
if the central headlight screen is extended it may be 
possible to use driving beams more. The useful 
range even of the driving beam in revealing the 
course of the motorway by the reflector studs of the 
lane markings is quite short, perhaps 3-400 ft., and 
with the dipped beam it is a good deal less. The first 
consequence is that one drives only by the studs and 
the lights of other vehicles; the conditions are not 
unlike those in the blackout, when every light was 
significant. Even the fixated eye cannot identify 
objects ahead, though occasional glints may give 
clues. The run of the road ahead is unknown, unless 
it is indicated by vehicle lights. This is much more 
serious than merely a restriction of information on 
where the driver will have to go, which is not very 
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important on a road in which there will be no 
hazards of alignment. Other vehicles are seen only 
by their obligatory lights, and unless those lights 
can be referred to a recognizable picture of the road, 
they cannot be located; moreover, their closing rate 
cannot be estimated. The driver does not know what 
the other vehicles are, where they are or what they 
are doing. At night he sees the lane lines and vehicles 
clearly only for a short distance; beyond is a cloud 
of red lights which it is often quite impossible to 
interpret. A comparison of Figs. 1, 2 and 3 illustrates 
the confusion which may occur, and some of the 
reasons. Fig. 1 shows the view at night, with the 
reflectors in the lane lines and the rear and head 
lights visible. It is not necessarily clear what is the 
pattern of vehicles ahead, or which lights are the 
two rear lights of one vehicle. Figs. 2 and 3 are two 
views of quite different configurations of road and 
traffic, each of which gives the pattern of lights 
shown in Fig. 1. In Fig. 2 the traffic is what one 
would naturally assume from the observed lights; 
the road is straight, there is a lorry close on the slow 
lane with a car some distance ahead of it, and a car 
on the centre lane fairly close. In Fig. 3, although the 
pattern of lights is the same, the road curves to the 
right, and instead of one car on the slow lane well 
ahead of the lorry there is a second lorry immediately 
in front of it, and another second car close ahead of 
the car on the middle lane. In the first situation one 
could overtake safely on the fast lane; in the second 
it would be unwise to do so in case the car ahead 
pulled out. Much more complex and obscure pat- 
terns have been observed. Large vehicles with two 
sets of rear lights at different levels can be misread 
and their distance wrongly estimated, especially 
when the lower set is obscured by mud; stationary 
warning lights at repairs or obstructions can be most 
confusing, especially on left-hand bends. The run of 
the road ahead may be quite different from what 
one had imagined; consequently vehicles ahead 
sometimes seem to make the most incomprehensible 
movements, which can be very unnerving. 

The lane reflector studs of course come rapidly 
towards the observer; the other lights move about 
slowly, but their movements cannot be interpreted 
without the frame of reference of the remainder of 
the perspective. Closing rates cannot be estimated, 
unless the vehicle is so close ahead that its lights 
appear to move rapidly relatively to the others, by 
which time it may be too late to take safe avoiding 
action. A stopped vehicle on the carriageway would 
be most unlikely to be correctly interpreted, and an 
unlighted obstacle would certainly not be seen in 
time for safe action. Some indication of range is 
given by the point brilliance of the lights ahead, but 
their power varies so much that it is an unsafe guide. 
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Fig. 1. Pattern of lights visible on 
motorway at night. X — white lights 
or reflector studs, O — red lights. 


Fig. 2. Traffic inferred from pattern 
shown in Fig. 1. 


Fig. 3. Traffic which might also give 
pattern shown in Fig. |. 


If one can be sure that two lights seen ahead are 
those of the same vehicle, its range and closing rate 
can be estimated from their separation and its rate 
of change; but vehicles hide one another and one 
may easily be misled (see Fig. 3). Glare from head- 
lights on the other carriageway is another difficulty, 
especially when either of the vehicles concerned is 
on the fast lane, which brings them closer together. 
The central headlight screen will greatly reduce this 
glare, but with some configurations of road involving 
vertical curves, headlights will inevitably be seen 
over the top of the screens; usually, however, they 
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will be well off axis and at a fairly long range, so 
that the glare is reduced. 

Closing rates of overtaking vehicles which are seen 
in the driving mirrors are much more difficult to 
assess ; the field of view is restricted, and there is no 
frame of reference at all—even the lane studs are 
invisible. Moreover, rear windows and wing mirrors 
are quickly soiled in dirty weather, sometimes with- 
out the driver realizing it, and one cannot easily stop 
to clean them; seeing is then impaired by day but 
quite impossible at night in the light of headlamps 
behind. In dirty weather the windscreen also may be 
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unexpectedly obscured by the cloud of muddy spray 
which extends much further than usual behind the 
vehicle ahead, a particularly disconcerting occur- 
rence when one is passed unexpectedly by a fast car. 
If the washer and wiper are in operation it is trouble- 
some, but if they have to be started one may be 
blinded for a dangerously long time. 

Patchy fog is a real menace at night when the only 
lighting is by headlights. There is no effective way of 
revealing it until the driver has entered it at speed, 
when the consequences are far more perilous than 
by day. Serious multiple accidents in fog have 
already occurred. 

Notwithstanding all these difficulties, driving at 
nig:t on the motorway, though far more exacting 
and fatiguing than by day, is safe so long as everyone 
keeps the rules, and with present traffic the accident 
rate is quite small. But evidently headlights alone 
give quite insufficient information; the chances are 
fairly high of misreading the traffic situation, and of 
getting into difficulty if anyone does the unexpected. 
As traffic increases, the probability of these situations 
developing into accidents will obviously increase, 
and the severity of the accidents will also increase. 
There have already been instances of a minor col- 
lision which has developed into a serious multiple 
accident. Our thinking must clearly be based not on 
today’s conditions and traffic, but on tomorrow’s. 


(5) Vehicle Lights on the Motorway 


It is clear that vehicle headlights as used at present® 
are not adequate to give the driver the information 
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which he needs for high speed driving, and that they 
never could be. The present useful range of head- 
lights, when showing up reflector studs, is of the 
order of 400 ft.; it would probably be necessary to 
increase this to at least 1,000 ft. for speeds up to 
70 m.p.h. This is needed to give a frame of reference 
for locating traffic ahead. Without allowing for 
atmospheric effects, this calls for an increase in head- 
light intensity of some 40 times, for the intensity 
required will vary approximately as the fourth power 
of the range. If the (day) meteorological visibility 
range is 2 miles, the intensity required will be in- 
creased by a further 2-2 times approximately, with- 
out allowing for veiling haze. This gives intensities in 
the range between | and 10 megacandelas, which, 
even if they could be realized on the vehicle, would 
be intolerable if the headlights were encountered as 
a glare source. Moreover, such headlights would 
not by themselves clearly reveal the traffic situation 
ahead, nor would they give adequate warning of fog; 
indeed, judging by experience with searchlights, it 
might be difficult to see clearly by such lights over 
a long range. 

There is still need for improvement in the rear 
signals of vehicles. There is not sufficient standard- 
ization of relative positions of signal and rear lights, 
so that it is not always clear which vehicle in a crowd 
ahead has signalled or in which direction; there is 
too great a variability of intensities, so that the 
point brilliance of the signal is no sure clue to its 
range. Variation in height of the obligatory signals 
from the ground also leads to confusion as to their 
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Fig. 5. Complex of lanterns 
at junction of motorways. 


range; and colour and flashing character are not 
standardized, so that the turn signal is not always 
clearly distinguished from the brake signal. A failed 
filament may result in a false indication. Brake lights 
are often blinding at night, and are an inadequate 
indication of intent, as they do not indicate the dif- 
ference between a slight retardation and an emer- 
gency stop. The present signals are fairly satisfactory 
in lighted traffic routes, where drivers have far more 
other information, but they are not adequate for 
high speed driving when they are the only clues to 
the presence and intentions of the vehicle ahead. 
Some suggestions for improvement will be found in 
an appendix to this paper. 


(6) Fixed Lighting on Motorways 

Fixed lighting is capable of revealing to a driver 
on a motorway all the information which is available 
to him in daylight; if it does this, it does all that 
lighting is capable of doing. An example is the 
excellent lighting on the Autoroute du Sud, recently 
installed near Paris (Fig. 4), where drivers drive just 
as in daylight, without headlights. Good fixed light- 
ing does not limit the distance at which objects can 
be seen; they are visible up to the topographical 
range beyond which they are physically hidden. The 
lanterns give an unusually good indication of the 
course of the motorway, and provide adequate indi- 
cation of fog and of its density. By good fixed lighting 
the driver is shown the perspective of the road, and 
can therefore locate other vehicles and estimate 
closing rates; he can judge overtaking traffic in his 
mirror. Unusual conditions, accidents or stationary 
obstructions can be appraised. 
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There are of course disadvantages, of which the 
worst is the hazard of columns to a car leaving the 
carriageway out of control, especially columns on the 
centre reservation. Another is the tendency to form 
confusing forests of columns and constellations of 
lights, particularly at complex junctions (Fig. 5), the 
more so since the installation can usually be seen 
for a very long distance ahead. 


(7) Requirements for Motorway Lighting 

The following requirements are set down partly as 
the result of the visual experiments and partly from 
experience of the few installations of motorway 
lighting which it has been possible to visit. Only 
requirements which arise from driving conditions 
are discussed; there are many other economic and 
engineering requirements. 

(1) The first requirement is to show clearly the 
carriageway ahead, sufficiently well to reveal any 
vehicles on it so that their position and closing rate 
can be judged. The luminance should be high enough 
to reveal any obstacle, or to show what has happened 
if an accident has occurred. 

(2) The rearward view should similarly permit the 
distance and closing rate of overtaking traffic to be 
judged in the mirror. 

(3) The luminance of the road surface should be 
as free as possible from obvious patchiness, which is 
confusing especially when it forms a background to 
an object of small subtense. A smooth variation in 
luminance across the carriageway is probably less 
troublesome than a mottled or patchy effect, and it 
should be achieved on a wet surface as well as on a 


Trans. Illum. Eng. Soc. (London) 





VISUAL PROBLEMS ON MOTORWAYS 


dry surface. A light-coloured running surface will 
greatly assist the lighting. 

(4) It is unnecessary to provide for good visibility 
at the margins beyond the running carriageway, 
though the limits of the carriageway should be 
very clear. 

(5) It is necessary if possible to provide good 
visibility of vehicles ahead when they are near the 
crest of a rise, since with the gentle vertical curves 
on motorways such objects may be deprived of a 
background of road surface for some distance. 

(6) It is very important to avoid discomfort glare, 
which can be distressing on a long run. There are no 
light buildings at the sides which would alleviate 
discomfort glare, and many more lanterns are 
visible than on a traffic route. 

(7) It is important to avoid repetitive effects from 
the lanterns as the car traverses the installation, such 
as occur with a sharp cutoff. It is similarly important 
to avoid a repetitive flash on a wet or dusty wind- 
screen. 

(8) Columns or supports should not be placed on 
the centre reservation and should be at as great a 
distance as possible beyond the hard shoulder. They 
should be so constructed that a vehicle striking 
them will not suffer avoidable serious damage, and if 
the column is carried away lighting equipment will 
not fall into the road. 

(9) Constellations of lights are to be avoided, 
especially at complex junctions, where the siting of 
lights should be carefully designed to lead vehicles 
clearly to the available paths, which should be dis- 
tinguished appropriately; the use of lamps giving 
light of different colours might be considered. 
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Fig. 6. Autoroute de Ouest, 
Paris. 


(10) The lights on the motorway should form neat 
lines which clearly indicate its course for a long way 
ahead, and should be such as to give adequate 
warning of the presence and density of fog. 

(11) The lighting equipment should be as incon- 
spicuous as possible so that by day the long runs 
visible do not appear to be cluttered with forests 
of columns. 

These requirements point to lanterns with a distri- 
bution having a cutoff (item 6, possibly 5) which is 
not too hard (7, 10), providing a little light up to the 
horizontal (10), fairly narrow in azimuth (4); 
mounted high (7) in a single row for each carriage- 
way (3, 10) at a spacing-height ratio depending on 
the running surface but probably not exceeding 
about 3-5 (3); the lanterns being long (3) and of 
low luminance (6). 


(8) Conclusion 

The value of street lighting from the point of view 
of safety is to be judged in the end by the reduction 
of accidents which results from its installation. At 
present the accident rate on most motorways is low, 
and this has been given as a reason for not installing 
fixed lighting. However, on some busy motorways 
the accident rate has been high, and it was for this 
reason that lighting was installed on the Autoroute 
de l'Ouest out of Paris (Fig. 6). As a consequence the 
night accident rate fell by 27 per cent, and after this 
experience it was decided in principle to light all 
future Autoroutes. Questions of policy are outside 
the scope of this paper, but it may be asked whether 
in some quarters it has come to be regarded as 
inevitable that there should be some traffic accidents, 
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and there is reluctance to take remedial measures 
unless their number becomes excessive. If this 
philosophy exists, it lags behind that applied to 
travel by rail, sea and air, where we do not wait for 
disasters before taking all reasonable precautions. 
Admittedly in these cases there is not usually a call 
to light the routes throughout their length; never- 
theless the aim is to provide so far as possible really 
safe conditions with plenty in hand, and not to rely 
on conditions in which, given reasonable luck, one 
generally arrives whole. 

It seems clear from the considerations discussed 
in this paper that without fixed lighting the visual 
information given to drivers is not adequate for 
safety, and that in consequence the accident rate 
can be expected to rise as traffic density on the 
motorways increases. Fixed lighting has been shown 
to be capable of supplying the visual needs of drivers 
and of making the roads visually as safe and as 
expeditious as by day, and it is felt that a technical 
case for its installation has been made. 
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Appendix 


Some suggestions for improvement of guidance 
and signal lights 


Guidance 


There is reason to suppose that much better lane 
guidance could be given by centre lines than by lane 
lines, especially in fog. There are obvious difficulties, 
such as confusion of the centrelines with the lane 
lines, provision of three lines instead of two for 
three lanes, and difficulties of keeping the lenses 
clean if the vehicles never traverse them (for the 
depression of a lens block by a vehicle is arranged to 
wipe the lenses clean). 


‘Stopped’ signal 

There can be no doubt that the stationary vehicle 
—the most dangerous even on a traffic route—is 
perilous on the motorway. Its presence can arise 
only as the result of accident or breakdown, but if it 
does, other vehicles will be upon it at speed long 
before police can get to the scene and put out 
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Fig. 7. Proposed rear light signals. Top, turn to right; 
Centre, turn to left; bottom, brake application. The red 
obligatory light is displayed immediately below the 
signal. 


warnings. Brake lamps are an insufficient warning; 
they merely mean ‘I have applied my brakes’—per- 
haps an indication of something amiss if several 
vehicles display it, but not a warning of emergency. 
It is suggested that a special warning is needed with 
the meaning ‘I am stopping® or ‘I have stopped’ to 
be displayed so long as the stopped vehicle is on the 
carriageway. A flashing red light is suggested. If a 
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driver switches it on at the first indication that he 
must stop, the signal can be repeated back by each 
vehicle behind and warning will be given at once and 
in good time. The equipment itself could be simple: 
a projector like a spotlight, attachable to the inside 
of the rear window by a sucker, a control unit with 
flasher, switch and repeat lamp which could be 
attached to the steering wheel, and a lead direct to 
the battery. This could be fitted to any car without 
damage to the coachwork, and by the owner unaided. 


Rear signals 

The design and aspect of signals at the rear of 
vehicles are the result of negotiation and agreement, 
and there are doubtless good reasons why they 
cannot be easily changed. Nevertheless the present 
signals are far from ideal, though improvements 
have been made. The following suggestions were 
made some time ago, and in spite of official dis- 
couragement it is still felt that they have advantages. 

The first suggestion is that the obligatory red rear 
light, with the reflex reflectors which have the same 
significance, should be separated from the signals 
for turn and brake, both in colour and position, in a 
standardized way. The present scheme whereby the 
brake signal is an intensification of an existing red 
signal has two disadvantages : if one does not see the 
signal made, it is sometimes difficult to know whether 
it is on or not, and it violates the principle that red 
signals are to be used as danger signals only. The 
brake light is not usually a danger signal; it is a 
manoeuvring signal. 

The second suggestion is to make a composite 
signal giving both the brake and the turn indications, 
set in a standardized position with respect to the 
obligatory lights, in the form shown in Fig. 7, which 
illustrates the three indications. The signal would be 
in steady yellow. It would be repeated at each of the 
present four signal positions, so that the driver’s 
intentions will be readable from any one of them; at 
present the active signal is often masked by other 
traffic. The direction of turn is unambiguous, where- 
as at present if one can see only the rear lights, some 
of which are masked, the direction of turn may be 
misread. It can be arranged that the signals are 
unaffected by the failure of one filament. A letter 
type of signal is readable at a distance of about 
50 ft. per inch of height; in trials a 3 in. cross could 
be read up to 450 ft., so that a 6 in. cross should be 
readable up to 900 ft. which is ample even for the 
motorway. Many cars have larger rear displays than 
this. The proposal involves a double-pole brake light 
switch and a little extra wiring, but saves a flasher. It 
has the disadvantage that the brake signal overrides 
the turn signal, but this is probably unimportant, for 
the brake signal should take precedence. 
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Discussion 

MR GRANVILLE BERRY: The question of visual 
aids to motoring was discussed at the recent Traffic 
Engineering Study Week in Nice, and it was generally 
claimed by the various countries there that, from the 
standpoint of visibility and reduction of nervous 
tension, fixed lighting was better than vehicle light- 
ing. It is only with fixed lighting that drivers can have 
a clear view of the road ahead. Mr Waldram in this 
paper has killed the popular idea that vehicle lighting 
is, or can be made, adequate for safe night driving 
on motorways; even if the intensity was forty times 
greater than it is, it would still be quite inadequate 
under all weather conditions. With present speeds of 
cars and lorries, it is essential that the driver shall 
clearly see the run of the road ahead; fixed lighting 
is the best means of guidance, even under conditions 
of fog. There can no longer be any doubt of the 
advantage of lighting motorways, for visibility and 
driver comfort as well as safety. 

There is evidence on economic grounds that we 
are already over the halfway mark in justification of 
providing fixed lighting. On all-purpose traffic roads, 
‘or which we have the great advantage of ‘before and 
aiter’ figures for road accidents, fixed lighting has 
reduced accidents by nearly | in 3; the most urgent 
need at the present time is that a length of the MI 
of about 12-15 miles should be lighted in order that 
we can get similar ‘before and after’ studies to com- 
pare scientifically the unlighted and lighted motor- 
ways in this country. The cost of lighting this 
stretch, £50,000 to £60,000, is very small in relation 
to the cost of the MI—£22,000,000; with present 
motorway costs of £250,000 to £270,000 per mile 
this is negligible, and very much less than if electricity 
supplies have to be added later after the motorways 
are completed. Anti-glare screens cost over £3,000 a 
mile; lighting would cost only £4,000 a mile or not 
much more. 

In France the general principle of lighting motor- 
ways has been accepted. The first road built was un- 
lighted; this road is now lighted, the reduction in 
accidents is about 26 per cent. Accidents on the 
adjoining unlighted lengths of motorway rose by 
20 per cent during a comparable period, therefore 
the accident saving was about 40 per cent. The latest 
motorway lighting shown is of a very much higher 


75 





J. M. WALDRAM 


standard than the first section round Paris, and this 
road is as safe by night as by day. 

An interesting point is that the reduction of 
accidents on the Route de l'Ouest was within 10 per 
cent of what we find is the accident reduction on the 
all-purpose road. The measure of accident reduction 
by fixed lighting on motorways is likely to be very 
little different from that for all-purpose roads. 

The accident rate on the MI is rising. If the 
present tendency for traffic to increase 8-12 per cent 
per annum continues, we are going to be faced with 
a much more serious accident problem on motor- 
ways than we have had in the past on all-purpose 
roads. We are concerned with the traffic of tomorrow, 
and fixed lighting is essential if we are to have round 
the clock use of motorways. 

I regard this paper as a very important one, that 
may have very far reaching consequences so far as 
Britain’s road system is concerned; it has proved 
conclusively that the best solution for the motorist 
is fixed lighting. 


Mr G. GRIME: I have only a few comments to make 
on the paper. Referring to Section (7) there are two 
points which I should like to mention. I am not sure 
that it is unnecessary to provide for good visibility 
beyond the running carriageway, since it is probably 
very useful to see clearly any vehicles parked on the 
shoulder. It may be significant in this connection 
that in the USA a heavy commercial vehicle parked 
on the shoulder is required to put out warning 
lights. An efficient edge marking is certainly a 
necessity, and the marking must show up not only 
in good weather but in conditions of bad visibility. 
At the Road Research Laboratory we have been 
carrying out a number of experiments, which we 
expect will lead to very much better edge markings. 

In introducing the paper Mr Waldram made the 
point that we do not yet know what kind of lighting 
we should use. The kind of lighting Mr Waldram has 
mentioned will undoubtedly produce good results; 
but it may be that we can get away with something 
which is less complete and less expensive but as good 
from the point of view of safety, even if not up to 
the standard he has mentioned. 

The motorway is a very convenient unit to study. 
It brings into prominence problems which are always 
with us on ordinary roads; besides the visual one, 
for example, it shows up the importance of vehicie 
maintenance or form of shoulder and central reserva- 
tions, and there is also the question of driving 
techniques. 

I feel sure that this subject of the driver will repay 
a great deal of research. To take one example, it is 
frequently suggested that, to preventa driver becoming 
bored and perhaps inefficient, motorways should be 
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constructed in a series of curves rather than as long 
straight roads, and motorways have been built in 
accordance with this theory. But, to my knowledge, 
there is no experimental basis in studies of driver- 
behaviour for the belief that these gentle curves have 
any beneficial effect; indeed, there may well be a 
nett loss in safety. Careful investigations might reveal 
methods of improving the alertness of drivers in 
these circumstances. 

In conclusion, the accident figures for the M1 for 
the first twelve months, which ended at the beginning 
of November, were 329 accidents by day and 182 by 
night. When allowance is made for traffic flow, the 
night accident rate is about twice that by day. 


MR H.R. Rurr: I would like to endorse thoroughly 
all the points Mr Waldram has made. That vehicle 
lighting is insufficient is very difficult to get appre- 
ciated; there are still a number of people who think 
that, when the road is full, there will be sufficient 
information given to a driver by the position of the 
tail lights that can be seen. Mr Waldram’s film 
emphasized the difficulty of judging the rate of 
closing the gap with these tail lights ahead, but our 
studies showed that the main problem of the motor- 
way was judging from the mirror the rate of approach 
of cars coming up fast from behind. In similar filming 
studies we found that viewing the film did not give a 
true impression of this difficulty. Has Mr Waldram 
been able to use a film to show this point satis- 
factorily? 

We have not yet been able to carry out experi- 
ments in this country on lighting motorways, but we 
have been able to develop lighting practices very 
similar to those shown on continental motorways 
on some of our main dual carriageway traffic routes. 
One example of conditions closely similar to those that 
could apply to the main three-line dual carriageway 
MI motorway is on the A6 at Oadby as it leaves 
Leicester. Very satisfactory lighting is provided by 
pairs of lighting points 84 ft between lanterns at 
170 ft linear spacing along the road, each lantern 
using a 20,000-lumen linear sodium lamp in a good 
medium-angle beam lantern. The initial stretch is 
24 miles, and this is sufficient to emphasize the point 
made by Mr Waldram that the lighting should not 
only provide good road lighting but also give a 
simple, easily interpreted guide to the direction of 
the roadway. 

It will be as difficult for us to explain to the next 
generation that we travelled at 100 miles an hour 
using only headlamps as it was for our grandparents 
to explain that they managed without electric lighting 
in the home. 


Mr J. G. Hotes: In the recent proposals by the 
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Belgian Government to spend a very considerable 
sum of money on road lighting in open country, I 
understand that they have decided not to light their 
motorways at present, but to light the feeder roads 
for a distance of several miles from the motorway, 
to reduce the accident rate among cars leaving the 
motorway. 

The most difficult of the requirements for motor- 
way lighting stated by Mr Waldram is the provision 
of a uniform road-surface luminance, in conjunction 
with other requirements such as those relating to the 
danger of high columns or their daytime appearance. 
It seems to me that most of the requirements could 
be met by rows of closely-spaced small lights along 
the edges, yellow on the near side of the slow lane 
and white on the off side of the fast lane, which would 
meet the very urgent need for clear indication of the 
limits of the carriageway and the requirements for 
showing the line of the road and the visible range. 
Large obstructions might be seen as breaks in the 
line and advance warning of hazards might be given 
by some coding of the lights. The lights themselves 
would be of low intensity, perhaps 5 cd., and would 
be spaced at about 80 ft apart. They should be on 
frangible supports on the off side and flush (say, 2 in. 
maximum projection) on the near side; someone 
would have to show inventive genius to find a way 
of keeping them clean. Such guiding lights as these 
would not attempt to illuminate the three traffic lanes 
but only to indicate their outer limits. 

One visual problem that is common to ordinary 
roads and motorways and to day and night con- 
ditions is that of quickly recognizing the existence 
and shape of an unexpected vehicle; would Mr 
Waldram give his views on the merits of different 
paint colours and of ‘two tone’ finishes? 

Finally, it is fundamental that light signals on 
vehicles should be simple and self-explanatory. If 
flashes of coloured light are not immediately under- 
stood, they can be so puzzling as to constitute a 
distraction hazard. 


MR R. L. C. TATE: The M1 ‘ghosts’ have received 
a good deal of publicity; I have seen these ‘ghosis’, 
and they are clearly a lighting problem. Near Luton 
there is a left-hand bend with two bridges very close 
together; these bridges have very heavy concrete 
piers on the central reservation. At night the pillars 
of the first bridge reflect the light from one’s head- 
lamps and become a glare source completely masking 
the central pier of the second bridge. If a car is 
approaching from the opposite direction its head- 
lights are occluded by this pier, giving the illusion 
of a huge vehicle unlighted and stationary in the fast 
lane directly in front of you. This is most disconcert- 
ing and has already caused one serious accident. It 
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could perhaps be avoided by floodlighting the piers 
of the bridges, but undoubtedly good street lighting 
would cure it completely. 

Anyone who has doubts as to the value of good 
street lighting should approach London by Western 
Avenue, a dual carriageway comparable to a feeder 
of MI. The difference between driving fast against 
the glare of oncoming headlamps, judging one’s 
position largely by the tail lamps of the vehicles 
ahead, and driving at the same speed along a well- 
lighted road is quite incredible. 


Mr A. W. S. TARRANT: It has sometimes been 
suggested that the design of motorways would be 
simpler if the two carriageways were crossed over so 
that the slow traffic ran on the inside. Would Mr 
Waldram like to comment on this? 


Mr F. C. Smitu: In his paper given at the Con- 
ference of the Association of Public Lighting En- 
gineers in September of this year, when dealing with 
driving in medium traffic. Mr Waldram said— 
‘An interesting and most important observation was 
that drivers do not, and cannot possibly, fixate 
everything of importance; they accept an enormous 
amount of important information by peripheral 
vision, at quite low detail.’ I decided to see whether 
or not this was true in my own experience, and | 
wish to say I agree with Waldram’s statement. I 
found from time to time that I had to return to 
objects which I had seen with a sideways glance and 
fixate them before being satisfied that I had all the 
information necessary to safety. It is essential that 
street lighting should provide enough dependable 
information by peripheral vision for a correct de- 
cision to be made as to whether it is necessary to 
fixate on any given object, or whether it can be 
ignored with safety. 

Waldram has done a great service in pointing out 
clearly that at speed at night over roads such as 
motorways headlights do not give all the necessary 
information in time; speed has to be reduced, and 
therefore the value of the unlit motorway is reduced 
during the hours of darkness. 

Another important matter is the sense of relief due 
to the diminution of strain that a driver experiences 
when coming to an effectively-lit section of the road 
after many miles of driving over unlit roads by head- 
lights. It is not easy to evaluate this relief from stress 
in terms of the contribution to safety, but neverthe- 
less I am convinced it is real. 


THE AUTHOR (in reply): May I thank those who 
have taken part, and particularly Mr Granville 
Berry, for the way in which they have received the 
paper. I am gratified by Mr Berry’s concurrence with 
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its conclusions, and welcome the additional informa- 
tion which he has given on cost and on accidents; 
and I hope that the experiments for which he made 
a plea will be made. Lighting very long stretches of 
motorway calls for radically new thinking and 
probably something rather different from the light- 
ing to which we are accustomed; it will probably be 
cheaper. The lighted lengths of the French miotor- 
ways are not yet very great, and | doubt if their 
design is the optimum for really long installations. 

Some caution is needed in relating figures of 
accident reduction on the motorway to those on 
traffic routes. The mechanism of the phenomenon 
should be thoroughly understood before interpreta- 
tions of statistical results are attempted: otherwise 
quite erroneous conclusions may be reached. This is 
one reason for the present exploration of the 
mechanisms of seeing in the two cases. They are in 
some respects significantly different, and the equiva- 
lence of the reduction of accidents may be fortuitous; 
the reduction may be different on motorways if the 
traffic density increases. 

In reply to Mr Grime: I was insufficiently specific 
about the lighting of margins. A conclusion of the 
work on traffic routes was that margins are more 
important than had been thought; already a large 
fraction of the light flux from the lantern is directed 
beyond the kerbs to buildings and footpaths, and 
the indication is that on traffic routes it should be 
even more. On motorways this is not so necessary, 
and more efficient distributions are possible, although 
the hard shoulders should not be left dark, and I 
agree with their importance. I agree also with the 
importance of edge marking, which should be beyond 
criticism. I disagree with Mr Grime in his suggestion 
that we could ‘get away with’ a lower standard than 
I have indicated. I have not set down a technical 
specification for a lighting system, but the require- 
ments of drivers for safe driving; they cannot be 
reduced unless it is shown that I have either over- 
estimated the information which the driver needs, or 
underestimated the information which he gets. It 
may be that we have not thought clearly about 
safety. We must not be content with visual con- 
ditions which are only sometimes safe. The question 
is not what we can ‘get away with’, but how to supply 
economically what is genuinely needed for real 
safety. 

I share Mr Grime’s hope that we shall study our 
motorways systematically to find sure bases for our 
conclusions about further developments in all sorts 
of ways, of which visibility is only one. 

In reply to Mr Ruff: We have made films showing 
the view in the driving mirror as well as the scene 
vhead; however, it is not the films which are im- 
portant, but the driver’s commentary. The films 
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were taken as a reminder of some of the things which 
occur, but I pointed out their deficiencies at Folke- 
stone; the field of view is not wide enough, for one 
thing, and the driver often comments on information 
outside the frame. 

Mr Holmes’ comments on the Belgian proposals 
will be endorsed by any who have come off the Mj 
motorway to join the A41 on a busy wet night. 
There is good sense in spending limited money 
where it will do most good, and I have also heard 
the Belgian view that at the moment the ‘routes’ 
(arterial roads which are not motorways and which 
are not double carriageway) have the stronger claim 
as being more dangerous. 

The idea of lighting the motorway from the edge 
with low mounted units is not new, and some ex- 
periments have been made recently, from which it 
has been concluded that the system will not work, 
especially in wet weather. There is also a difficulty in 
misty weather, when the installation produces a 
bright carpet of haze some feet thick through which 
the traffic has to wade. The use of marker lights at 
the edges I should expect to be unsatisfactory. It 
works on an aerodrome runway, but then the only 
problem is to discern the alignment and margins of 
the track; there is no other traffic. These lights 
would produce a confused pattern which would 
make vehicle lights more difficult to interpret; experi- 
ment has shown that the revealing of objects by their 
obstruction of a range of punctiform lights is not 
satisfactory. The system would be useless in emer- 
gency in revealing what has happened. If we are to 
incur the expense of providing an electric power 
supply and lighting, it is surely worth while to make 
it do the whole job, not a part of it. | agree with 
Mr Holmes that the colours of vehicles can materially 
affect their visibility; but we noticed in the earlier 
work that seen from the rear the most conspicuous 
aspects of cars were usually the shadow underneath 
them, the tyres and the differential casing, which 
show up hard and black. The body is often less con- 
spicuous, and shine from the polish in some situa- 
tions, particularly in daylight, is more important 
than the reflection factor; colour can hardly be 
perceived at night. I agree with his remarks about 
signals, and the need for simplicity. 

I am grateful for Mr Tate’s explanation of the 
ghosts, which I have not seen myself. It is an illustra- 
tion of an effect which often occurs at night, when 
information is usually incomplete and may be 
misinterpreted. 

I should be unhappy with Mr Tarrant’s suggestion 
if it were to make the fast lane on the left and the 
slow on the right, because that would involve a dis- 
concerting change of driving technique and drivers 
might act wrongly in emergency. 
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25 Years of Stage Lighting Equipment 


By F. P. BENTHAM (Fellow) 


Summary 


The intention of this paper is to describe the development of stage lighting equipment (dimmers 
and control excluded) in Britain during the past 25 years, and to indicate the forces which have 
been and are at work to produce this development. The effects of stage design and economics are 
considered. The great difference between British and German practice, and the lesser difference 
between British and the United States practice, are outlined. The post-war influence of the New 
York theatre on lighting layouts in London’s West End is described (without enthusiasm) and 
contrasted with the happy isolation which financial stringency has ensured to the amateur and 


little theatre movements. 


(1) Introduction 


Stage lighting, because of the need to regulate 
intensity with dimmers, is a blend of illuminating 
engineering and control engineering. Moreover, the 
installation passes from the original planners’ hands 
into those of others (be they engineer or artist or 
neither) to use or abuse it. It is therefore nearly im- 
possible to judge an installation objectively, since it 
will at any time be used subjectively in respect of a 
particular production and technique. Only the light- 
ing equipment can be used as a basis on which to 
report progress. 

Electric control has been dealt with elsewhere’ and 
the actual practice of lighting the stage must await 
a paper to itself. This paper is intended to describe 
the development of the lighting equipment in Britain 
during the past 25 years, and the forces which have 
been and are at work to produce this development 
are discussed from personal experience and con- 
trasted with those abroad. 


(2) Evolution of British, American and Continental 
Practice 

There are three principal schools of stage lighting 
—that in Germany, in the United States and in 
Britain. Whilst fascinating differences do exist in the 
other three great centres of theatre—France, Italy 
and Russia—in general the Continent of Europe 
(even including Russia) tends to conform to the 
school of stage lighting best exemplified by Germany. 
This probably arises from the fact that on the 
Continent large state or civic supported theatres are 
the rule; in Britain, where the National Theatre is 
still only a lonely movable foundation stone, things 
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are very different. Where a civic enterprise has man- 
aged to arise, for example the Coventry Belgrade, 
the difference in scale in a corresponding German 
theatre building is staggering. 

The professional theatres here and in the United 
States work under very similar conditions and tend 
to be based in London’s West End and in New York 
respectively. These two centres are commerical enter- 
prises run for profit, and the theatres are rented to 
managements who put on the show. This is not 
denying that, in the main, the people who put on the 
shows work in the theatre because of a devotion to 
it, for the public are fickle; the career of the late 
C. B. Cochran well exemplifies the life of a true 
showman—money spinners and failures inter- 
mingled.? The renting of theatres for others to use 
obviously works against complete lighting installa- 
tions. It is only in a theatre such as Sadler’s Wells or 
Stratford-on-Avon, with a set production policy over 
the years, that a semi-permanent installation de- 
signed to serve that policy is a good proposition. 

In a rented West End theatre the lighting instal- 
lation will be designed to suit the particular pro- 
duction about to embark on a run. In view of the 
uncertainty of the length of run it is often preferred 
to hire rather than purchase the lighting equipment. 

It is bad to extend this practice to the electrical 
wiring and switchboards. Extensive temporary 
wiring (whose use may extend into years) is frowned 
upon by the LCC and other authorities; and it is 
impossible to provide a switchboard in temporary 
units for a hundred or more circuits which does not 
require many operators and give limited and crude 
facilities into the bargain. In consequence it has 
become the practice to equip long-run houses with 
a wiring installation complete with modern remote 
lighting control for the 100, 200 or so circuits likely 
to be required for that size of stage; but the lighting 
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rig for the particular production remains special. 
This compromise has not reached New York, where 
the theatre is rented bare of all except the main 
power supply. Exceptions are Radio City Music 
Hall (which is a cinema presentation house), the 
Metropolitan Opera or the new Lincoln Centre 
which is to replace it. Outside New York professional 
activity is on a much reduced scale; centres such as 
Chicago and San Francisco fare in much the same 
way as Manchester or Glasgow do here. 

Stage lighting in Britain is not just the concern of 
professional ‘number one’ houses but extends to 
local repertory companies, the ‘little theatre’ and the 
vast amateur movement. The major part of this 
movement is based on inconvenient multi-purpose 
assembly halls, forming part of civic or village 
centres, and, above all, schools. In the United States, 
school and college theatres are often remarkable— 
true theatre buildings, large in size and equipped on 
a most lavish scale. In fact one would go to these for 
good examples of lighting installations complete 
with the latest systems of control. In Britain, school 
halls are basically unsuitable for theatre due to their 
need to function most of the time as an ordinary 
room with a flat floor. Funds are very tight in most 
cases; this and the fact that there is usually very 
little time to set-up, rehearse and dismantle severely 
reduce the possibilities, but this activity nevertheless 
continues to flourish. 

The amateur theatre in Britain ranges from the 
lowest depths of makeshift right up to some ‘little 
theatres’ where the highest standards prevail. 
Although at one time it could be said that the 
amateur theatre had to use reach-me-down versions 
of professional equipment, in the past ten years it 
has been increasingly well provided for. The develop- 
ment of mass-produced ‘baby spots’ is mainly 
responsible for this change. Writings and lectures*:*.5 
by authors with direct experience of amateur work 
have by now produced lighting layouts standard in 
form and intent which differ only in size. (No equiva- 
lent is at the moment available to the professional 
West End theatre.) However, one stage in this field 
which presents an insoluble problem is that of the 
civic hall; often for prestige reasons this must be 
designed as a concert platform with tiers for choir 
and a structure conforming to the acoustic mode of 
the time, whilst—to make the place pay its way—it is 
opened to dance bands, variety acts, ballet, opera 
and plays, each of which demands the lighting and 
décor to which it is accustomed. 

It is quite otherwise in Germany. This is the land 
with a tradition of civic theatres from the time when 
princes liked not only to patronize the arts but to 
vie one with another to have the most magnificent 
theatre. These theatres have their own resident com- 


panies complete, and originate their own produc- 
tions. Probably the key to the German scale is the 
opera house, which requires plenty of space for its 
orchestra (perhaps of a hundred or more), with stage 
chorus and often the stage band as well, and the 
scenic spectacle which has always been part of opera. 

In the plans of the Continental opera house a most 
striking feature is the smallness of the space occupied 
by the seating for the audience compared with the 
area devoted to the stage and ancillary offices; also 
prominent is the large amount of space devoted to 
foyers, bars, cloakrooms, etc. associated with 
theatre-going in the grand manner. The Vienna 
State Opera House and the Sadler’s Wells Theatre, 
London, seat roughly the same number of people, 
but the building areas do not bear comparison; in 
fact even Covent Garden Opera House itself is 
completely dwarfed by the former. Germany lost 
most of her theatres during the Second World War, 
and few imagined that rebuilding of these would 
take place on the same grand scale. However, when 
the time came to rebuild, the vast stages with all 
their mechanical equipment—stage lifts, rolling 
stages, revolves etc.—arose again. This applies not 
only to Opera houses; the straight drama receives 
much the same treatment, as the Burg Theatre, 
Vienna, shows.*® 

These, of necessity, are broad generalizations, 
since the author cannot devote time to minorities, 
such for instance as commercial theatre which exists 
alongside the State Theatre in Germany. 


(3) Stage Lighting Technique 

Before the design of stage lighting units—known 
as lanterns in the theatre, not luminaires—makes 
any sense, their purpose and positioning must be 
considered. 

Development has not been logical but rather the 
result of inspiration at constant war with the heavy 
hand of tradition. The rows of gas jets, replaced for 
the first time in 1881 at the Savoy Theatre, London, 
by rows of low power lamps known as battens and 
footlights, were well suited to the perspective painted 
backcloths, borders and cut-cloths which were 
bequeathed from a previous age as the scenery of 
the time. However, emancipation of lighting from 
mere illumination was available as limelight and arc 
spotlights even earlier.” These spotlights are the key 
to stage lighting because they can draw attention 
to those things which are to be underlined. It is not 
a question of pretty and bright colours, but of 
dramatic impact. Lighting is one of the cast. When it 
is remembered that the main aim of stage lighting is 
often ‘to conceal more than it reveals’, the small 
part played by flood-lighting will occasion no 
surprise. 
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(3.1) ‘Progressive’ theatre 

Until quite recently it has been considered essen- 
tial that the sources of light should be concealed 
from view, or at any rate not be obvious. This is no 
longer @ la mode, and at the Mermaid Theatre, 
which publicity claims as the most exciting stage 
in London, the spotlights, etc., not only hang in 
view, but ate positively featured. In ‘Oliver’ at the 
New Theatre, London, this occurs even on a pros- 
cenium stage. Perhaps the next move will be to have 
spotlights to light the spotlights so that they can the 
better be seen. It is only fair to add that Sean 
Kenny’s setting and John Wyckham’s lighting® for 
‘Oliver’ are most exciting, whether the lanterns are 
seen or not. 

The Mermaid is a theatre without a proscenium 
or wing space at the sides of the stage, but in other 
respects is more or less normal. Other experimental 
theatres are based on the arena backed by a stage, 
sometimes with scenery at one end (of which the 
theatre at Stratford, Ontario, is a good example), and 
on the circus type centre stage (as at the Pembroke 
Theatre, Croydon). 

The protagonist of the open stage claims to seek 
intimate contact between actors and audience, and 
release from the ‘thraldom’ of scenery. The first can 
only be achieved by limiting the seating drastically, 
whatever the plan; the second would be more con- 
vincing if resort were not made in such open stages 
to projected effects of a realistic nature, scenery 
slides and even film. It is often stated that this form 
of stage means release for the lighting; but in fact an 
audience surrounding wholly or a large part of an 
open stage platform is an embarrassment. There is 
constant difficulty in getting a variety of lighting 
angles for the actors while keeping the light out of 
the eyes of the audience, so intimately placed relative 
to them. Lights are banished aloft, and cannot be 
used low down or on the floor. 

Whatever the form of ‘progressive’ stage, it needs 
lighting and for this purpose it borrows equipment 
from the proscenium stage, which has provided the 
field of development for all stage lighting and still 
provides the main market. Experimental theatre 
attracts publicity, but the bulk of work continues in 
theatres orthodox to the countries concerned. 


(3.2) The proscenium stage 

The proscenium stage is essentially an area, one 
aspect of which is viewed by an audience through the 
proscenium opening. To enhance contact with the 
audience, the actor tends to work down-stage (to- 
wards the edge nearest the audience), a fact that is 
recognized nowadays by placing many of the lighting 
sources in the auditorium. Very often the stage is 
extended on the audience side of the proscenium as 
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a fore-stage, and the proscenium boundary or 
picture-frame tends to be ill-defined—at one time it 
was very much a picture-frame. Once the incan- 
descent spotlight became acceptable, the form of the 
stage lantern ceased to have any great effect on the 
positions in the theatre where they could be placed. 
The most obvious position is just up-stage of the 
proscenium opening, more correctly expressed as the 
up-stage side of the proscenium border. (The mask- 
ing edge at this point is seldom the permanent 
opening, but a temporary one to suit the show.) 

It is here that the difference between the lighting 
practice in the German theatre on the one hand 
(Fig. 1) and the United States and British theatres 
(Fig. 2) on the other hand is at its most extreme. In 
the first photograph the majority of the lighting for 
the entire stage is carried from a light metal bridge 
and tower structure just up-stage of the proscenium. 
In the second case, the bridge and towers are re- 
placed by a series of hanging ‘barrels’ spaced at 
about 8 ft centres from ‘down’ to ‘up-stage’. There 
may be somewhat more equipment at the first 
hanging position at the proscenium than up-stage, 
but in general it is spread out over the entire stage 
area. 

This basic difference is due to the marked differ- 
ence in mounting height of the grid over the stage, 
by means of which scenery is ‘flown’ out of the way. 
Furthermore, the very high German grids are not 
necessarily the principal means of changing scenery. 
In a tight London or New York stage area not only 
the flat pieces of scenery (such as backcloths) are 
flown out of the way, but often what is apparently 
three dimensional stuff is folded and flown, as there 
is nowhere else to put it; on many German stages 
sinking, sliding or revolve installations are ready to 
shift solid scenery clear of the acting area and allow 
it rapidly to be replaced. This means that beyond 
the proscenium the German stage can be quite 
open and the sole boundary to the audience sight 
lines can be a one-piece cyclorama cloth which winds 
automatically and rapidly on a roller on either side 
of the stage near the proscenium. This is obviously 
useful in exteriors, which constitute the bulk of 
opera scenes, and does not come amiss in the palace 
and cathedral interiors required for opera. 

In Britain and the United States exterior scenes 
are a problem if scenery is to be flown, since a large 
amount of masking borders will be required, and 
wing pieces to correspond. Everyone who has been 
to a pantomime or ballet will be aware of the old 
technique of painted backcloth with matching cut- 
cloths dropped in front to mask. A rather different 
technique has been used for American musicals such 
as ‘Oklahoma’ and ‘West Side Story’; the masking 
wings were frankly there as neutral masking, and no 
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Fig. 2. London and New York ‘ype of theatre proscenium. 
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attempt was made to change them to match the 
scenery used ‘on-stage’. 

For intimate scenes, such as box-set drawing 
rooms, the German arrangement of bridges and 
towers has definite drawbacks, since the setting gets 
pushed up-stage. For example, I recall that in “Ring 
Round the Moon’ as set down-stage at the Komodie 
Theatre, Munich—an intimate theatre by German 
standards—the acute angles of the lanterns on the 
bridge and towers caused many of their beams to be 
half obstructed by this structure. It can be seen that 
the main German requirement is for spotlights to 
use on much longer throws than over here. Further- 
more, there will always be the need to provide 
floodlighting and optical projections (clouds, etc.) 
for the large all-encompassing cyclorama sky. In 
Britain and the United States the cyclorama will be 
used less frequently, because it means sacrificing the 
scenery flying grid and the equipment is not installed 
ready to hand. 

A limited form of cyclorama has become popular 
in the ‘little theatre’ and the school stage in this 
country. The rear wall of the stage is plain plastered 
and is kept free of doors, radiators, etc.; thus 
economy on back-cloths and backings is possible, 
since all that is necessary is a cut-out groundrow 
representing hills etc., and in addition a good neutral 
background is available when realism is not required. 


(4) Lighting Equipment 
(4.1) Focus lamps (spotlights) 

The German style of stage was in active use well 
before the First World War, therefore early provision 
for effective spotlights as lighting for the acting area 
was essential. The most obvious way of providing a 
spotlight is to use a movable light source in con- 
junction with a fixed lens—a focus lamp (Linsen- 
scheinwerfer); a convenient lens is plano-convex of 
6 in. dia. and between 8 in. and 12 in. focus, in front 
of which are runners for colour filters and other 
attachments. The limelight and arc sources were soon 
replaced for most purposes by the 1,000 watt 
tungsten filament lamp (Fig. 3). In Germany to get 
more light, lamps of 2, 3 and 5 kW have been used, 
and the lens dia. increased to 8in.; but this introduces 
two handicaps, in the large diameter of the bulb for 
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Fig. 3. Basic focus lamp spotlight system. 
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these lamps and the thickness of glass which a 
shorter focus lens would require. By the time a 
solution was found in the Fresnel spotlight (see 
Section 4.9 below), the kind of light produced by 
these early spotlights became expected by tradition, 
which seems still to be so in Germany today. In the 
United States and Britain this type of unit has 
never exceeded 2 kW rating. 


(4.2) Follow spots 

In the theatre, spotlights which are used to pick 
out and follow the star are known as ‘following 
spots’, or sometime as ‘limes’, a term derived from 
the long-since dead limelight.’ Although essential to 
light entertainment, since it is the equivalent of the 
cinema ‘close-up’, it has no part in the serious 
theatre. Unlike the rest of stage lighting, which 
must blend well together, the ‘following spot’ gets 
its effect by standing out clear of the rest. Great 
intensity is required, and as long as the simple focus 
lamp optical system was used an arc source was 
essential; but improvements in tungsten lamps and 
optical systems have made one less dependent on the 
arc for this purpose. Although following should 
have no obvious part to play in serious theatre, 
because detachment of the star makes havoc of a 
play, a subtle form of following is sometimes seen in 
the United States, where an actor will be followed 
at low power into regions of the setting impossible to 
light by fixed units. This practice also appears in 
the German theatre, where hand-held pistol spots 
are sometimes provided. Personally the present 
writer believes that the producer should not direct 
actors into regions of the particular setting which 
cannot be lit effectively, both in terms of lighting 
technique used and of the dramatic background of 
the play, time of day, mood, etc. 


(4.3) Effects projectors 

The shape of a focus-lamp beam is dictated 
largely by the source and in consequence is more or 
less circular; when a well-defined variable shape is 
required an attachment with a supplementary lens 
to focus a mask is required (Fig. 4). Such an arrange- 
ment collects a relatively small solid angle of light, 
and to do the condenser-gate-objective system justice, 
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Fig. 4. Focus lamp with gate and lens spotting 
attachment. 





Fig. 5 (above). 1 kW. projector and motor 
driven cloud disc. 


Fig. 6 (right), German 3 kW. 
machine. 


cloud 


compound lenses must be used (compare Fig. 7). 
These would be too expensive for common spot- 
lights, but are used where the projection of optical 
effects, such as clouds or scenery, is concerned. 

An early form of cloud projector still in common 
use is virtually the ‘magic lantern’ with a disc slide 
and a clockwork (now electric) drive for movement. 
Common speeds of rotation vary from | revolution 
in 14 minutes for slow clouds, to 5 revolutions in 
1 minute for heavy rain, or rapid flames. The speed 
has to be regular and capable of variation, and silent 
operation is essential. Gear trains in conjunction 
with de motors tend to be noisy, and backlash 
causes slight jerks which become magnified by the 
projection throw. Rim drive of the disc is common 
in Germany. In England electric clock drive through 
a ‘potters wheel’ regulator to the centre spindle has 
been found inexpensive and generally satisfactory, 
although speed has to be preset at the disc and 
cannot be altered by remote control. (Fig. 5.) 

Effects discs nowadays are of toughened glass, 
which is a great improvement on the mica used 
prior to 1946, for the mica joins used to set great 
problems in effects with clear background such as 
storm clouds. Discs are today photographically 
reproduced from an artist’s master copy. (A real 
original does not suit.) Hand reproduction still 
reigns supreme in snow effects, for which a foil has 
to be perforated with minute holes. Care has to be 
taken to minimize the effect of circular movement 
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of the cloud disc, but by careful placing of the pro- 
jector relative to the screen and by combination 
with other effects little trouble is experienced. Much 
variety can be got out of standard cloud discs in 
skilled hands. 

In Germany however, from quite early on, nothing 
short of perfection and a veritable symphony of 
clouds would do. The machines designed and 
originally introduced by the Schwabe Company 
were extremely elaborate and often consisted of two 
tiers, each of ten individual projectors arranged 
around a centrally placed 3 kW lamp from which 
they all derived their light. Each projector has its 
own lens, its own real cloud diapositive and a 
diverting mirror on the front (Fig. 6). The whole 
machine rotated, carrying this assembly slowly 
about its axis, and the mirrors were driven by a 
motor to each tier so that, as the clouds travelled 
gently across the cyclorama, it was possible for the 
operator not only to vary their speed but to alter 
their vertical spacing. It is questionable whether 
such realism is desirable in the theatre or opera 
house. What is required is an impression of the 
atmosphere created by the real thing, and not a 
slavish ‘waxwork’ reproduction. This one item in 
1926 cost £600—almost exactly the cost of the whole 
stage lighting equipment, including control, at 
Terence Gray’s famous Cambridge Festival Theatre 
installed in the same year,*—and it is still available 
in Germany at approximately £1,000. 
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(4.4) Scene projection 

An obvious development from the optical pro- 
jector is the projection of scenery. As the ultimate 
aim it might be supposed that projected scenery 
could be film, and there could be moving trees 
waving in the breeze and so on; but again this has 
been shown not to be desirable, since such projec- 
tions become completely detached from the more- 
or-less stylized goings-on of the stage. What scene 
projection can do is to project suggestions of back- 
ground, and often for this purpose high definition 
is not required. However, it is obviously better for 
the projector to give a high degree of definition and 
the degree of lack of definition to be supplied by the 
artist in his design. Originally in Germany the 
slides were large—S in. x 5 in. or even 7 in. <7 in., 
which originated from the need to paint them by 
hand. Nowadays there is no such need, as colour 
photography provides the easy reproduction of 
whatever the artist has painted on paper or canvas. 
The Continental GKP system before the war used 
tow or three projectiors, with arc sources, to cover 
an area. The joins between the projections have to be 
contrived as dark or busy areas (tree trunks, 
columns etc.). Open sky is a bigger problem and 
air-brushing of the slide or other defocusing of the 
picture edges has to be used. Optical projections 
are in demand for Wagner’s cycle of ‘The Ring’. 
It is probable that, more than anything else, the 
firm place of these operas in German repertory 
stimulated the search for optical effects, such as 
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clouds, visions of Valhalla, flames, floods, under- 
water view of the Rhine and rainbow bridge. 

In England scene-production has never made much 
headway. This is partly because of the difference in 
our stage geography from the German, which does 
not lend itself to the positioning of the projectors 
so that their beams can clear the acting area and 
stage masking. Nevertheless ‘Julius Caesar’ at His 
Majesty’s Theatre (1939) and “War and Peace’ at 
the Phoenix Theatre (1943) have both used projected 
scenery, for which the lanterns were ordinary 1 kW 
optical effects projectors. More recently television 
has stimulated demand for optical effects projectors 
of high intensity and definition which can be used 
as scene projectors. 

The photograph (Fig. 7) shows a projector of 
recent introduction (1960), designed with the British 
stage and television requirements in mind. The lamp 
is of 110 volt 4 kW rating, with a tubular bulb to 
allow the optical system to be placed very close to 
the lamp filament. German 5 kW projectors have 
suffered greatly from the use of round lamp-bulbs. 
Both lamp and slide are cooled by a common fan, 
but the main reduction in heating of the slide comes 
from two sets of heat-absorbing glass in the con- 
denser train. Slides have been standardized at 
34 in. x 34 in., since they will invariably be produced 
by photographic means. In making the slides for the 
theatre, the ultimate site of the projectors relative to 
the projection screen or cyclorama is examined 
and the artist’s design is colour photographed in the 
studio from exactly the same angle. This works out 
very well in practice as the recent Arnold Wesker 
trilogy at the Royal Court Theatre, London, showed. 
The entire backcloth was covered by two 2 kW. pro- 
jectors projecting at acute and differing angles from 
the flys to join down the centre although in full view 
the join could not be detected. In spite of experiments 
with other light sources, such as xenon, tungsten 
lamps are still best suited to the theatre. One reason 
is the ready way in which the lamps can be dimmed 
down to ‘out’ from a switchboard by merely drop- 
ping the voltage of the line through a ‘dimmer’. 

Another form of projection must receive passing 
mention—the Linnebach lantern. It is virtually a 
shadow projector, consisting of a very large glass 
slide placed in front of a light source, with no lenses, 
and the arrangement is subject to great limitation 
in use. 


(4.5) Floodlighting 

It is still usual to install at roughly 8 ft centres 
tungsten battens (known as X-rays in the United 
States) with, for example, 150 watt lamp compart- 
ments and reflectors at 9 in. centres, wired in three or 
four colour circuits. These can be seen on the right 
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in Fig. 8, and also appear in Fig. 15. Similar equip- 
ment is used at the footlight position and as a 
groundrow. For the small school and amateur stage 
individual floods (as in Fig. 9) are to be preferred, 
because these can be angled and even fitted with 
hoods to prevent spill in confined space. 

The rear-wall type of cyclorama will require a 
single or double row of compartment batten. Larger 
cycloramas are more efficiently lit from a bar with 
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Fig. 8. Battens and 
cyclorama lighting, 
Royalty Theatre, 
London. 


Fig. 9. Individual 
‘baby’ floods and 
spots on school stage. 


500 or 1,000 watt floods (as in Fig. 15) depending on 
their size. Cyclorama equipment will be required but 
infrequently in London and New York theatres, and 
when no cyclorama is required the dimmers and 
lanterns can be borrowed for other purposes. 

In Germany the automatic provision of cyclo- 
ramas warrants considerable outlay on a permanent 
installation specially to light them, and originally 
a cylindrical flood with a vertical 1 kW line filament 
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lamp was a staple unit. Tungsten is still used, but 
since the war 40 watt fluorescent tubes used vertically, 
three to a flood, have become very popular. In this 
way, the heavy loads necessary for daylight blue 
effects are avoided. Dimming is by thyratrons or 
magnetic amplifiers, and the number of lanterns 
and their remoteness from the cyclorama prevent 
the inevitable flicker at the lower intensities becoming 
offensive. 


(4.6) Colour filters 

Prior to the war, seven colours in glass were used 
in the Schwabe system for German cycloramas. 
Post war the much smaller range of colours obtain- 
able from fluorescent mixing seems to have become 
acceptable there. Strong colour is seldom required 
in the theatre, and in spite of the attempts in Britain, 
mainly of R. Gillespie Williams,’° to popularize the 
three primary (red, blue and green) system of colour 
mixing, it came to an end here with the departure 
of the cinema stage shows, and of Williams himself 
to the United States after the war, where he con- 
tinues its advocacy. Self-extinguishing cellulose ace- 
tate filters of British manufacture, in approximately 
sixty colours, now provide for the colour needs of 
the principal theatres all over the world, and glass is 
no longer important for this purpose. 


(4.7) Profile spotlights 

For true spotlighting there is need to have control 
over the beam shape rather than rely on magnifica- 
tion of a more or less circular lamp filament. An 
obvious solution is to collect light by means of a 
mirror and project this through a gate of variable 
profile, which is then focused by some comparatively 
crude objective lens. The earliest optical system of 
this form in Britain was invented in 1925 by L. J. 
Steel and H. Martin (the Stelmar system), and it may 
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be that this lantern led the rest of the world. In this 
case a tubular lamp had an ellipsoidal set of reflectors 
in front of it and a spherical reflector at the back 
(Fig. 10). The designer attempted to collect all the 
light from both sides of the grid filament, even going 
to the extent of putting a small Fresnel lens in the 
middle of the inner of the two reflectors. (The 
writer’s own experience of these spotlights tended to 
show that the Fresnel lens did very little work in 
practice.) Reflectors were chromium or rhodium 
plated. The drawback to this optical system was that 
it provided a very long and expensive lantern, which 
meant that very few of them could be used. For 
example, when Stratford-on-Avon was rebuilt and 
opened in 1932, they were confined to four above 
the ceiling of the auditorium. (Incidentally the total 
number of FOH circuits there was 16 in 1932" and 
is now 60.) 

The author felt that something cruder would be 
suitable for most stage requirements, and that some 
light could be sacrificed provided the size and price 
of the lantern came down. In a design known in 
Britain as a ‘Mirror Spot’, an adjustable reflector of 
8 in. dia. in silvered glass was placed behind the 
lamp, with a gate and a 6 in. x9 in. objective in 
front (Fig. 11). The first use was at the Savoy 
Theatre for the production of ‘Young MadameConti’ 
in 1935. At the same time unknown to us in Britain, 
Mr Herbert Kliegl designed a spotlight with a 
rhodium plated metal ellipsoidal reflector, around a 
new lamp with an inverted bipost base (Fig. 12). 
This lamp became available in a variety of wattages 
up to 3 kW, but it has not to date been manufactured 
in Britain, and the need now seems doubtful. A 
whole series of ellipsoidal reflector spotlights ap- 
peared in the 1930s, with the result of a complete 
revolution in lighting technique. As is not unusual 
in the United States, the novel caught on immediately, 
whereas in England the mirror spot had a slow 


Fig. 10 (top). Stelmar optical as 
used for stage spotlights. 


Fig. 11 (bottom left). Basic mir- 
ror spot optical system. (Profile 
Spot). 


Fig. 12 (bottom right). Ameri- 
can elipsoidal spot system. 
(Profile spot). 
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Fig. 13. Ghost view of die-cast 250/500 watt ‘baby’ 
mirror spot. 


battle to overcome the distrust of theatre people in 
respect of something new. These lanterns, which are 
better called profile spots, had an even longer battle 
in Germany, and it is only in the last two years that 
they have been listed by manufacturers over there. 
This change seems to have been brought about by 
post-war importation of British mirror spots, which 
created sufficient demand for the introduction of 
both the American lamp and ellipsoidal optical 
system. Thus this form of spotlight began to be 
manufactured in Germany some twenty-five years 
after its introduction in the United States. 

\Until just after the war, the British profile spot 
was obtainable as a 1,000 watt unit only, and even 
now 2 kW units are few in number. However, the 
main need was not for the larger wattages but for 
a small profile spot with 250 or 500 watt lamp. 
The requirements of stage spotlight and projector 
lamps differ from, for example, those for the home 
cinema, because a robust lamp whose filament is 
capable of considerable tilt is needed. This means 
that it must have a round bulb, and a life of 200 hours 
is the minimum tolerable. For years the stage in 
Britain was limited to the BI lamp with a bunch 
filament, which did not have a pre-focus cap; more- 
over the 500 watt and 1,000 watt lamps had exactly 
the same bulbs, which hindered progress towards 
a compact ‘baby’ spot, and enabled the Americans 
to get literally years ahead of us. However, when in 
1950 a suitable lamp (Class T) became available in 
England, mass production techniques, such as die- 
casting and pressing, had become common enough to 
make possible the production of a lantern which was 
almost completely machine-produced (Fig. 13). This 
lantern (known as the Baby Mirror Spot) uses a 
super-purity anodised aluminium reflector; a choice 


of four objective lenses ensures that the lantern can 
be used on varying throws with its gate working 
nearly at full aperture. Though in fact the definition 
required of a profile spot is comparatively crude, it 
nevertheless is capable of projecting a cloud effect 
from a mica slide in the gate. In television studios 
profile spots are often used to project a pattern to 
indicate the supposed source of light, for example 
the shadow of window bars of a prison cell. The main 
use for the profile spot in stage lighting is out in the 
auditorium or in areas of the stage where very close 
control of the beam is necessary to prevent light 
spilling on scenery or on sky background. 

The inaccessibility of front-of-house spot positions 
during a performance may make it an advantage to 
fit remotely-operated mechanism to change colour 
filters. One such device consists of an electric motor 
to which any of four semaphore type filter frames 
can be connected by solenoid selected gearing, 
which is much lighter than the direct-acting solenoids 
previously used. The noise of operation is usually of 
small consequence, but it may be important in opera 
and the Germans have designed a pneumatic system. 
However, it is very easy to lose a sense of proportion 
and waste on an auxiliary money which could be 
better spent on further lanterns themselves. Colour- 
change mechanisms become essential where space is 
limited or where, as in the Royal Festival Hall, the 
architect strictly limits the number of lantern 
apertures. 

A simplified and therefore relatively inexpensive 
form of colour change used on ‘baby’ spots consists 
of a motor-driven wheel with five preset stations; 
but, owing to the risk of having to pass unwanted 
colours on the wheels, it can be operated only during 
the interval or other period when the lamp is 
extinguished. 


(4.8) Acting area lanterns 

What is required most ‘on-stage’ is a localized 
flood of light, and the second stream of development 
of lighting units for the theatre has been an attempt 
to provide this. In the main, for this purpose the 
German theatre has tended to rely on its various 
sizes of focus-lamp carried on the bridge and towers 
behind the proscenium. If only for the reason that 
the objects to be lit are at widely differing distances, 
a lantern with a variable beam-spread is essential. 
To light the middle distance—between the ‘down- 
stage’ acting area and the cyclorama itself—a hang- 
ing unit was designed, of 1 or 2 kW, pointing vertic- 
ally at the stage, and known as an ‘acting area 
lantern’ (Spielflachenleuchte). As the level of illum- 
ination required was comparatively low, only a few 
of them were used. This lantern was brought to the 
St Martin’s Theatre, along with other German 
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Fig. 14. Reflector and spill ring system for acting- 
area flood. 
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Fig. 15. Acting area flood bars and magazine battens 
at London Coliseum. 


Fig. 16. Spill ring and reflector system ‘Pageant’ 
lantern. 
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equipment including the cloud projectors, by Basil 
Dean in the 1920s. At the time it created quite a 
furore, but, as the type of stage common in Britain 
is not suitable for the German type of installation, 
it has not survived, except in a modified form at 
Covent Garden and at Glyndebourne, which are 
special cases anyway. 

In 1935 a 1,000 watt acting area lantern was 
introduced by the present wr'ter, with 26 deg.-beam 
reflector and conical spill-rings (Fig. 14). This 
narrow-angle sharp-cut-off fixed beam was for 
use at a relatively low height, to light intensely a very 
limited area; the coverage was to be increased by 
using a number of units. The idea was used exten- 
sively by Robert Nesbitt, and his work with these 
lanterns has inspired the English stage lighting layout 
for two decades. Bars carrying rows of acting area 
lanterns hang above the stage at intervals of roughly 
seven or eight feet (Fig. 15). These operate usually 
as pairs to a circuit but sometimes as singles, and 
enable a high intensity to be brought to any particu- 
lar locality of the stage. 

Such a preponderance of down-lighting alone 
would be extremely unkind and unsuitable for the 
artistes on the stage, but in use a certain amount of 
reflected light comes back from the stage floor, and 
acts as a corrective; also the lighting from the audi- 
torium profile spots has increased many times. It is 
desirable to have similar lighting from the wings, 
and in this position Nesbitt used the 1,000 watt near- 
parallel beam (12 deg.) spill-ring lantern, known as a 
‘pageant lantern’ (Fig. 16), which was first used on 
the London stage as sunlight through the window in 
‘Candida’ at the Globe Theatre in 1937. Pageant 
lanterns are carried on vertical pipes in the wings 
(known as ‘booms’), but latterly have tended to be 
carried oni light frames (‘ladders’) suspended from the 
flies, well clear of the stage so as not to cause 
obstruction. It is in any case desirable that the side 
lighting of the stage should be high, to shine over 
the actors nearest it and light the on-stage aspect of 
those on the opposite side of the stage. If compen- 
sating side lighting is needed for that aspect of the 
actor which is close to the wings, it must be of low 
intensity and wide spread, for which 500 or 1,000 
watt floods are appropriate. 


(4.9) Fresnel spots 

The British system of acting area and pageant 
lanterns never caught on in America and Germany. 
It is in fact quite unsuitable for the German type of 
stage; but in the United States the reason lies in 
progress in lamp development, which, as far as 
entertainment requirements are concerned, has 
always been rapid and well ahead of Britain. Mass- 
produced glassware in the form of moulded Fresnel 
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Fig. 17. Ghost view of die-cast 250/500 watt ‘baby’ 
Fresnel spot. 


lenses, particularly the flat lens plate, has also given 
America a different approach. Originally used in the 
entertainment world for cinema studio production 
lighting, where the soft-edge beam was highly desir- 
able, the Fresnel lens was soon adopted by the 
theatre over there to provide the variable flood type 
of beam. The use of these in lanterns with spill- 


screens (‘barndoors’) in front, to intercept the ghost 
light always present with this type of lens, made 
unnecessary any extensive use of fixed narrow-beam 
spill-ring floods, although a pageant type of parallel- 
beam lantern is not unknown in the United States. 

Fresnel lenses for stage lighting in Britain were 
first imported from France in the late 1930s, and 
these were followed by a limited production in 
Britain itself. However, British lenses were made for 
cinema studio work, where a costly lens could be 
housed in a costly lantern—costly, that is, by stage 
standards. This form of optical control has in conse- 
quence been but slightly used for stage lighting until 
recently, when it became possible to obtain lenses at 
prices to suit the theatre. The stage lighting tech- 
niques of the last two decades in Britain will now 
change, because mass-produced Fresnel spots (Fig. 
17) complete with ‘barndoor’ and other attachments, 
in the 250/500 and the 1,000/2,000 watt sizes are 
now available. In Germany, however, for some 
reason, the Fresnel lens has never caught on, and— 
outside the film and television industries—their use 
in entertainment is still virtually unknown. 


(4.10) PAR lamps 
In the United States the PAR type of lamp is used 
extensively, although the type of lighting such lamps 
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lead to is of dubious value. The tendency is to use 
them massed together like a compartment batten, 
and these very efficient narrow-beam lamps (available 
up to 400 watts) produce a level of illumination 
which requires considerable quantities of the ortho- 
dox lanterns to match or dominate where necessary. 
The result is inflationary in terms of equipment, and 
the stage is then cursed by too many lanterns. 
Already the tendency has been seen here, particularly 
in London productions of American spectaculars, 
although as yet the PAR lamp has not arrived and 
there is only a token silvered 500 watt lamp to 
satisfy the American producer. 


(5) Size of Installation 

American technique provides a very large number 
of lanterns directed at any one area of the stage and 
the lantern beams come from all directions. A par- 
ticular American mania is for back-lighting, from 
barrel battens carrying spotlights up-stage pointing 
downstage. These lanterns can help to give depth 
and detachment from the background to the actors 
on the stage, but such illumination can also confuse 
the idea of motivation—whence the light is supposed 
to be coming; also when it is used to light translucent 
backcloths, there is an immense loss of light, often 
with no visual gain whatever. This technique makes 
a show awkward to light, because it is not possible 
to predict from the front, what kind of result could 
be obtained by bringing in any particular circuit. 
The confusion is increased when there are a very 
large number of circuits, as in a show like ‘My Fair 
Lady’ of 200 or more, each terminating in several 
lanterns. Lighting tends to become a frustrating 
battle against time. The lighting man—sometimes 
not even an expert but the producer doubling this 
job—meets his installation only in the last few hours 
before production; he has no time mentally to digest 
its possibilities, nor have the various people handling 
the installation, particularly the switchboard opera- 
tor, much time to feel at home. Theatres such as 
the German opera houses, or our own Covent Garden 
or Shakespeare Memorial Theatre, are in a far 
happier position, because their installations may be 
regarded as nearly permanent. Many lanterns are 
old friends, and exactly what they can be made to 
do from their particular positions is well known. The 
basic installation, backed up with a few special spot- 
lights or some special lighting for a particular pro- 
duction, has therefore greater potential than the 
entirely special installation rigged up for a particular 
show, as for the West End or New York com- 
mercial run. 

The above remarks are of course the author’s own 
opinion, and would seem to run contrary to the 
beliefs of other lighting experts in London and New 
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York. However, one of our most distinguished 
producers, Tyrone Guthrie, has said *. . . stage light- 
ing experts like to make use of a highly technical 
vocabulary, to provide more equipment and to 
usurp more time than, in my opinion, their contri- 
bution to a production usually justifies’ .’* 

Economics ensure to the amateur and little theatre 
in Britain isolation from such excesses. The result is 
often a tight but effective installation in which every 
unit has a part to play, and one can still savour the 
expressive beauty of a single spotlight beam. A 
larger installation can be justified in a repertory 
theatre, particularly where there is a very frequent 
change of programme as in opera. Here not all 
lanterns would be alight together, but each would 
be set on a different area or in a different direction 
to avoid much re-focusing between shows. 


(6) Rationalization of Range of Lanterns 

Theatre people tend to be very conservative in 
the adoption of new equipment. Those who ‘do’ the 
lighting are largely untrained, having picked up 
their technique in the school of experience, and are 
in consequence loath to discard the tools whose 
performance they know intimately. It is instructive 
to hear defended as essential those very charac- 
teristics in a lantern, such as the pageant, which 
were used to attack it on its introduction twenty 
years earlier. If unchecked this attitude could lead to 
an ever increasing range of equipment. This seems 
to happen in Germany, where one firm alone lists 
fifty-five types and sizes of lighting units, quite 
apart from accessory attachments which further 
modify the light distribution; their catalogue is in 
fact a museum of the development of electric lighting 
on the stage. Such a policy in Britain would mean 
small runs of what would be hand-made specials. 
To take advantage of today’s manufacturing tech- 
niques, packaging etc, the range of lanterns must be 
drastically reduced. This the writer believes to be 
perfectly possible, and a rationalization scheme has 
been in progress, at the kernel of which are eight 
basic units only. 

Broadly speaking, the lanterns now proposed are 
in two sizes, of 2/1 kW and 500/250 watt ratings. By 
making a bipost lampholder interchangeable (for 
fixing and light centre position) with the large pre- 
focus holder, flexibility in the use of lamp types has 
been obtained for the larger size. In the smaller size, 
complete interchangeability between the 500 watt 
Al, 500 watt T, 250 watt T and 250 watt BI, all 
with medium prefocus caps, now exists. 

In both sizes are the two types—the profile spot- 
light (hard-edge beam) and the Fresnel spotlight 
(soft-edge beam). A range of three objective lenses 
to each size of the profile spot gives a good choice of 
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spread and throw, since the shutters at the gate will 
do the rest. With the Fresnel spots, a 15 deg. to 50 deg. 
lens in the large size and a 12 deg. to 45 deg. lens in 
the ‘baby’ size, plus rotatable four-door ‘barndoor’ 
attachments, allow medium to narrow angle flooding 
with or without sharp cut-off to be practised. 

To correspond to the spots there are 300/500 watt 
and 60/200 watt wide-angle flood units, and also 
a standard wide-angle compartment batten and a 
similar footlight. These eight basic units cover all 
lighting needs, whether the stage is large or small. 
Only thus can sufficient quantities be obtained to 
justify mass production techniques, providing a con- 
sistent quality product obtained at a price which the 
theatre in this country can afford. Of course, some 
‘tailor-mades’ will have to be retained; but progress 
has been made, for over forty types and sizes listed 
in 1936 have become fifteen only in 1960, and 1961 
will see further progress in this direction. 


(7) The Future 

Apart from completion of the standardization 
programme, it is difficult to see any sensational 
change in lighting units on the horizon. The lamp 
makers might produce a commercial device which 
would cause a hasty reconsideration, but this seems 
unlikely. Whereas developments in dimming and 
control methods have been and are very active, in 
light sources the tungsten filament lamp, not differing 
very much from its predecessor of the 1930s, remains 
supreme. One reason is the ease of dimming by 
dropping line volts; others are that a relatively bulky 
yet compact light source suits our optical systems, 
and the absence of auxiliary gear leads to a less 
costly and weighty unit. 

Attempts were made about 1937 at the London 
Palladium, and later in the immediate - post-war 
period in Germany, to popularize low voltage lamps 
on the grounds of a high efficiency compact source; 
but these have been relegated to a few specialist 
applications. Discharge lamps have appeared only as 
sources of ultra-violet light for stunts, or to age 
characters in Wagner’s ‘Rhinegold’. The theatre has 
proved a disappointment for the application of 
fluorescent lamps. A low brightness lamp several 
feet long, whose most efficient output is of green 
light, begins with a handicap in a field where flood- 
lighting and strong colour, are of little account. 
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Discussion 
Mr JOHN WYCKHAM: | find myself faced with the 
choice of two alternatives; either | could expand on 
one or two of the points raised by Mr Bentham, or 
else I could use this occasion to enlighten you a little 
on the purpose of the theatrical lighting designer of 
today. 

Mr Bentham has told you something of the circum- 
stances behind development in lanterns, lamps and 
theatrical lighting techniques in the past twenty-five 
years. He has pointed out the slowness of develop- 
ment in this country; he has also shown us pictures 
of some of the absurd buildings called theatres, 
which have been built in this country recently, and 
has shown us how badly designed and technically 
inadequate they are by comparison with the German 
equivalents. As Mr Bentham’s lecture proceeded, it 
became clear to me that I must draw the attention 
of the meeting to the fact that, at long last, technical 
and lighting advisers are an accepted part of the 
British theatrical scene. 

There is now a reasonable chance that when new 
places of entertainment, and theatres in particular, 
are built in this country, the architect concerned will 
be broad-minded enough to insist upon the presence 
of technical advisers during all stages of the opera- 
tion. The monstrous row of lights on the front of 
the balcony and dress circle may at last disappear. 
Quite possibly we shall have theatres with sufficient 
space in the wings for the type of scenery which the 
modern designer is wanting to build. The modern 
technique of lighting with mirror spots rather than 
floodlights and battens may at last be brought to 
the attention of the theatre owners. 

The lighting designer—who has actually been 
functioning in one form or other for at least fifty 
years—has at last arrived. He alone is in the best 
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position to encourage and recommend experiment 
in the field of British theatrical illuminating engineer- 
ing; being quite unprejudiced, he is the ideal person 
to sweep the cobwebs of uneconomic tradition from 
both sides of the ‘theatrical fence’. 

Mr Bentham quotes Tyrone Guthrie as saying, 

. . Stage lighting experts like to make use of a 
highly technical vocabulary, to provide more equip- 
ment and to usurp more time than, in my opinion, 
their contribution to.a production usually justifies.’ 
The technical vocabulary is not without good reason; 
the ordering and identity of modern lighting equip- 
ment would be an extremely difficult operation with- 
out such a vocabulary. Secondly, the lighting expert 
who uses more equipment than the production 
justifies is not only a fool and a spendthrift, but will 
surely find himself hamstrung by his own ‘mains 
cable’. Finally, the time allowed in the course of 
production today for the lighting designer to set and 
plot his lighting usually represents something less 
than one-twentieth part of the total time spent by 
the producer and actors in rehearsing the play; this 
makes nonsense of Mr Guthrie’s last remark. 

In twenty-five years there has been a fairly con- 
siderable advance in the design of stage lighting 
equipment, in the face of extreme odds and often 
obstinate tradition. In spite of television, ‘theatre’ in 
this country is still very much alive and anxious to 
experiment and improve itself. There now exists an 
attitude which encourages experiment, and tech- 
nicians are being asked every day to bring new ideas 
into each production. I hope that in future, through 
the members of the British Illuminating Engineering 
Society, we may find manufacturers willing to use 
the theatre as an experimental and research establish- 
ment. 


MR WILLIAM LORRAINE: In the days before the 
war, when the Schwabe equipment was installed by 
Basil Dean at the St Martin’s and Coliseum Theatres, 
I was working the switchboard at a demonstration 
given by Mr Dean which led Bernard Shaw to ask 
whether the audience came to see the shows or the 
lighting effects. They were very interesting days, as 
a lot of experiment went on at that time; looking at 
the wonderful array of equipment available today I 
wonder how they ever lit at all in those days. 

Taking up a point Mr Wyckham raised, Mr Tyrone 
Guthrie is a white-light man and I saw the Stratford 
Theatre, Ontario, in its early stages, when Mr 
Guthrie was adamant that the number of lanterns 
be curtailed. After a while he found that he was 
underlit. 

Two or three weeks ago I lit a play at the Belgrade 
Theatre, Coventry, where there is a mixture of old 
and new equipment, and it was very difficult to 
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balance the light between the old and the new. This 
difficulty arises in a lot of civic theatres. In the 
Belgrade Theatre since the original installation they 
have changed the hard edged spots in the front of 
the house to soft edged (Fresnel spots) which light 
up the proscenium accidentally with scatter outside 
the main beam. 

I have no objection to lanterns being in view, 
provided they do their job, but if they can be hidden 
I think it gives an air of mystery. I am also in favour 
of a proscenium stage. 

Following spotlights should be avoided for the 
dramatic theatre. In my opinion you want to produce 
an acceptable sort of realism: a convincing set of 
lighting that people will accept without being aware 
that it is coming from lanterns all over the place. 
David Balasco has lit his entire stage with reflected 
light. 

One point I should like to make is that unless all 
this wonderful equipment is cleaned it is absolutely 
hopeless. 


Mr E. E. Farapay: I believe that theatre, parti- 
cularly dramatic theatre, is illusion; I am a little 
afraid that today we are getting delusion rather than 
illusion. I am not at all sure that looking at spot- 
lights during the show and showing the audience 
how the wheels go round is a good idea; the majority 
of audiences want to get away from the mechanics, 
and we must be very careful not to overstep the mark 
in this respect. There is a good deal to be said for 
trying to get the sort of effect you want for any play, 
but as a theatre-goer I do not want to know how it 
is obtained. To quote Shaw again, if it looks right 
it probably is right. You must decide whether you are 
pleasing the producer or the audience who pays to 
see the show; if you give the audiences what they 
want to see they will still pay to see it. 


Dr J. W. STRANGE: I wish only to suggest certain 
corrections in the references made by the author to 
fluorescent lamps. Mr Bentham refers in a very 
limited way to these lamps and in an unnecessarily 
disparaging way. The members of the Society who 
saw the lighting of Fountains Abbey will need no 
convincing about the possibilities of using fluorescent 
lighting in a very dramatic way. 

In the theatre, restriction on capital expenditure 
has undoubtedly slowed installation down, but I 
would remind the author that ten years ago we 
successfully applied fluorescent lamps with a very 
wide range of dimming to the lighting of the cyclo- 
rama at the Royal Opera House. An important 
feature was the cutting of the power requirements 
for this particular purpose to one-fifteenth. 

The economics of theatre lighting were not dealt 
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with very fully in the paper, but it may have a very 
important bearing. | understand that the total in- 
stalled load may be a major factor in determining 
the cost, and if the German supply authorities have a 
different attitude this may explain the differing 
practice of the two countries. 


Dr R. C. G. WILLIAMS: Could Mr Bentham give 
his views on the application of fluorescent lighting 
to the theatre? It appears to be little used in either 
television or the theatre in this country although it is 
more common in the USA and on the Continent. 


Mr A. W. S. TARRANT: In the theatre footlights 
are still known as ‘floats’ and ‘limes’ from the days 
when they were either wicks floated in oil or lime 
heated to incandescence. I would like to ask Mr 
Bentham to what extent stage lighting is governed 
by tradition, and perhaps prejudice, rather than 
reason. An example of this is provided by the use of 
following spots in classical ballet, which is quite 
illogical. 


Mr L. G. APPLEBEE (recorded contribution): Mr 
Bentham has mentioned the treatment of the back 
wall of the school stage and I am sure he will agree 
with me when I suggest that after the word ‘plastered’ 
should be added the words ‘with hard cement’. 
Damage to a soft plastered wall can so easily happen 
and the resultant scar can never be concealed. 

He says following spots have no part in serious 
theatre. Maybe he thinks opera is not serious 
theatre. | have memories of my task at Covent 
Garden in 1923 with the lighting of Wagner’s Ring 
when the producer, Charles Moore, made vivid use, 
particularly in Die Walkure, of following arc spots 
from the auditorium ceiling. 

The paper gives a very concise account of the type 
and design of modern stage lighting apparatus as 
used today but I am wondering whether it gives the 
average lighting engineer any idea of the amount of 
apparatus used in the professional theatre. | should 
have liked Mr Bentham to have given some examples 
of connected loads which though not necessarily 
being related to the number of lighting units em- 
ployed, do give an indication of the maximum load 
that is sometimes used, particularly with an American 
production. 

The paper gives us a good insight into the methods 
and techniques of both the Continental and American 
theatres and in this connection I would like to say 
how valuable has been the fact that ‘Stage Lighting’ 
is one of the subjects that is dealt with by the 
International Commission on Illumination. It has 
been the means since the war of bringing together 
many international stage lighting specialists. The 
report and discussion at the conference allow little 


93 





F. P. BENTHAM 


time for the exchange of ideas, but the specialists 
come and much valuable work and liaison takes 
place outside the conference hall. The fact that 
America thinks it worth while to have one of its 
stage lighting specialists come over is I think suffi- 
cient endorsement that it should be kept in the CIE 
programme. I hope it will never be in jeopardy as it 
was after the meeting in Switzerland. 


THe AUTHOR (in reply): In answer to Mr John 
Wyckham, I feel that the arrival of the lighting 
specialist is long overdue in this country. In the last 
five years or so there has been a remarkable increase 
in the use of these experts. Few producers expect to 
design their own scenery and none to paint it, yet 
hitherto they have expected to make a ‘go’ of lighting. 
If there is a logical combination of jobs in one man it 
would surely be of lighting designer and scenery 
designer—since the effect of one is inseparable from 
the other. 

What stage lighting equipment one finds in this 
country is wholly the result of the stage lighting 
manufacturers’ initiative, and I do not feel we have 
any reason to reproach ourselves; nor do I feel that 
lighting designers will exercise much influence. One 
has to reconcile a general lighting aim, fashion or 
idea with the manufacturing technique and the 
quantity demand necessary to achieve the price 
which will enable the theatre to obtain such a lantern. 
To procure a suitable lamp with which to start the 
design may take years—it took twenty-five years to 
achieve a 500-watt projector lamp in a round bulb 
appropriate to its size and use. If Mr Wyckham’s 
remarks succeed in stirring the lamp manufacturers, 
which I doubt, I welcome them. 

I agree about the strange tradition of spots in the 
centre of the circle as the staple FOH lighting. 
Angles from the side are more useful. Incidentally, 
it is sad to see the neat ‘baby spots’ in the new in- 
stallation of the Aldwych Theatre embellished with 
large wire trays above and below them to accord 
with LCC edict; lumps of the circle ceiling are far 
more likely to fall down than bits of these lanterns. 

Mr Lorraine’s remarks about the Belgrade illus- 
trate the difficulty in judging a stage lighting in- 
stallation. One can appraise the lighting installation 
of a street, factory or hotel, but a theatre installation 
is of necessity completely flexible and what one sees 
is the present user’s idea of what to do with it in 
respect of the play or production programme of the 
moment. 

Mr Belasco’s indirect lighting, referred to by Mr 
Lorraine, worked in conjunction with the spotlights 
and was a means of softening their beams. One must 
take care to avoid hard beam-edges in most in- 
stances. With profile spots a diffuser glass in front 
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of the objective is the answer, although sometimes 
one requires two hard edges and two soft to a 
rectangular beam! Modern Fresnel spots are always 
soft but were of course not available to Mr Belasco. 

I agree with Mr Faraday entirely; to see the spot- 
lights is to destroy illusion. It is said that one does 
not notice them, but this probably means that the 
subconscious is hard at work in much the same way 
that we adjust ourselves to an overall level of noise. 

The remarks of Dr Strange remind me that the 
most difficult thing to get home to those whose field 
of lighting lies outside the theatre is the uselessness 
of fluorescent lamps. Efficiency has nothing to do 
with the matter; it is a question of other character- 
istics. Is the quality of light right? Is the source in 
its lantern convenient, self-contained, compact and 
light in weight? Can the beam be readily controlled 
so that the light can cover a large variety of areas in 
the desired direction and from a great variety of 
distances? And lastly, but far from least, can the 
source be dimmed inexpensively and interchangeably 
with all other sources? Except in the case of the large 
German cycloramas the fluorescent lamp has nothing 
to offer the theatre. As it is our only theatre approach- 
ing this scale, one would expect that when the Covent 
Garden Opera House is re-equipped, three or four 
fluorescent blue cyclorama dimmer circuits will be 
installed; there will be well over two hundred other 
dimmer circuits to the stage. 

With all respect to Dr R. C. G. Williams, to say 
that fluorescent lamps are more common in the 
USA and on the Continent gives a false impression. 
The truth is that they are uncommon and little used 
as television production lighting anywhere. This is 
all the more telling because it might be thought that 
their quality for softlight and the reduction in heat 
would be exceptionally valuable there. 

Of course, as Mr Tarrant says, stage lighting has 
considerable antiquity. My paper was deliberately 
restricted to the last twenty-five years—the period 
during which I have been very active in the front 
line—as I always like to speak from direct experience 
of my subject. Section 6 of my paper gives a hint of 
the main reason for tradition in stage lighting—the 
‘inertia of ignorance’. However, at war with this is 
the strong influence of fashion in décor and pro- 
duction, and on balance there is considerable change 
over the years. Certainly for my part I aim to see 
that there is! 

I agree with Mr Applebee, except in the matter of 
following spots for opera, which I detest, especially 
from the FOH dome as at Covent Garden. In fact I 
would use them only for music hall. As a guide to 
the number of lanterns used in West End productions, 
Mr Wyckham uses 160 on 124 dimmer ways for 
‘Oliver’ (ref. 8). 
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Retinal [Illumination and Age 
By R. A. WEALE, Ph.D., D.Sc. 


Summary 

As our eyes age the amount of light reaching the retina decreases. This is attributable largely to 
changes in the pupil diameter, to the yellowing of the lens and, to a smaller extent, to a change 
in the effective path-length of light through the lens. The age variation of retinal illumination is 
estimated on the basis of published data for standard illuminants A and C, and for three types of 
fluorescent lamp. In all five cases the small difference found to exist between the light-adapted 
and dark-adapted eye is greater than differences between the lamps considered. In general, retinal 
illumination at the age of 60 is about one-third of the value corresponding to an age of 20. The 


practical significance of the estimate is discussed. 


The illuminating engineer’s ultimate objective is to 
send light to the retina. The vicissitudes which the 
rays may experience outside the eye—e.g. owing to 
reflection, scattering, absorption—are known better 
than is their fate within it. This is emphasized by the 
existence of the somewhat fictitious unit of retinal 
illumination, namely the troland, which is defined as 
the illumination of the retina when the observer 
views a source of | cd/sq m through a pupil | sq mm 
in size. The definition assumes that the eye behaves 
photometrically like a camera, no allowance being 
made for the Stiles-Crawford effect,':* or for the 
light absorption by the pre-receptoral media.* 
Although visual adaptation makes it possible for 
errors associated with this approximation to be 
largely obliterated subjectively, there are situations 
where their extent may have to be known. 

A further complication arises from the circum- 
stance that the whole of the visual apparatus changes 
with age. None of the factors involved can be pre- 
dicted with much confidence for any one individual, 
but their trend is such as to enable one to make a 
tentative assessment of the variation of retinal 
illumination with age. 


(1) Factors Bearing on Retinal Illumination 


(1.1) The cornea 

Both the photometric significance of the cornea 
(Fig. 1) and its variation with age are at most 
second-order effects. The young cornea reflects about 
4 per cent of the incident light and—because of its 
thickness of only 0-5 mm—absorbs very little ; how- 
ever, some scattering does occur.* The ageing eye 
loses its lustre; rather ironically, this means that the 
transmission across the air-cornea interface im- 
proves, the effective refractive index of one of the 
component tissues, namely the corneal epithelium, 


The author is Head of the Department of Physiological Optics, 
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decreasing with age.® But as scattering increases, the 
net result is not likely to lead to an appreciable 
improvement. 


(1.2) The aqueous humour 
This is unlikely to have any photometric signifi- 
cance. 


(1.3) The pupil 

The pupil affects retinal illumination in three ways. 
The best known of these—and one known to 
Leonardo da Vinci*—is the control over the light 
flux admitted into the space behind the lens. The 
flux is simply proportional to the effective pupillary 
area.’** The area varies with the general level of 
adaptation,’ and also, to a large extent, with 
age’®-"!,12,13- an increase in either generally reduces 
the area. The direct flux control is the only aspect 
allowed for in the definition of the troland. 

The second control exerted by the pupil concerns 
the Stiles-Crawford effect.* Stiles and Crawford 
showed nearly thirty years ago that if a narrow pencil 
of light enters the eye near the pupillary edge while 
another equal pencil does so near the pupillary 
centre (Fig. 1), the latter pencil is visually more 
effective than the former. The reduction in visual 
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effectiveness of the eccentric pencil increases with 
the distance from the pupillary centre, and con- 
sequently depends on the size of the pupil. Normal 
seeing conditions do not entail the use of narrow 
pencils (but cf. Campbell'*), and the integrated 
effect? is more relevant. Although it has been claimed 
that, under these conditions, the Stiles-Crawford 
effect is undetectable, evidence to the contrary is not 
lacking.':'*:!* The variation of this effect with age does 
not seem so far to have been determined. A calcula- 
tion of effective retinal illumination at any age must 
involve the assumption that this variation is zero. 

The third aspect regarding pupillary control is one 
which has not so far received much attention,'* and 
concerns the effective transmission factor of the 
crystalline lens. Since the lens is lens-shaped and 
placed approximately symmetrically with respect to 
the pupil, a pencil passing along the visual axis to 
the fovea will traverse more lenticular tissue than 
will a pencil nearer the pupillary edge. The lens 
absorbs light more heavily than does any other pre- 
receptoral medium, and if we tentatively assume that 
the light absorbing pigment is distributed uniformly 
throughout the lens, it follows that the average 
transmission factor of the lens is greater for a large 
pupillary area than for a small one. The effect of this 
observation on the age variation of retinal illumination 
must be delayed till mention has been made of some 
properties of the lens itself. 


(1.4) The crystalline lens 

The lens is a curious element photometrically. It 
causes light losses both in virtue of light absorption 
and—especially above the age of about forty—by 
scatter.'’ Infantile lenses absorb light more heavily 
than juvenile ones,'*:’*, but after the age of about 
twenty, transmission is reduced again, and more so 
for light of short than of long wavelengths. An added 
complication is furnished by the observation that the 
lenticular nucleus yellows more than can be ascribed 
to lenticular growth with age.*° This is probably due 
to nutritional difficulties of the central parts of the 
lens: their utilization of oxygen is said to decrease 
considerably with age.*! It follows that a reduction 
in pupillary diameter decreases the effective trans- 
mission factor of the lens more than it would if the 
light-absorbing material were uniformly distributed 
throughout the lens. It also follows that the con- 
centration of pigment near the centre of the lens 
(whether or not’ it is assumed to be distributed 
uniformly) tends to counteract the Stiles-Crawford 
effect. 


(1.5) The vitreous humour 
Although the vitreous humour obtained from old 
human eyes seems yellowish in comparison with, for 
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example, that of a cat, post-mortem changes may be 
responsible for this observation. The spectro-photo- 
metric significance of the vitreous is probably 
negligible. No measurements are available on the 
age variation of the transmission factor. The vitreous 
is known to liquefy in old age®*:**: in so far as this 
transformation from the pseudo-gel is not uniform, 
transmissivity will suffer on account of an increase 
in scatter. 


(1.6) The retina 

Stiles and Burch** have obtained evidence support- 
ing the belief that the optical density of the macular 
pigment increases with age. Retinal function as such 
is alleged by Pillat to deteriorate*® and by Fischer 
not to do so.* Retinal appearance certainly alters,?° 
and without any doubt visual acuity deteriorates?’>** ; 
the latter change may be due to pre-receptoral 
changes, such as an increase in scatter. It is note- 
worthy in this connection that age changes in visibility 
(threshold) can be accounted for quantitatively by a 
consideration of pre-retinal effects.'* 

For this reason it may be advisable to restrict a 
consideration of the age variation of retinal illumina- 
tion to the effects of pupil and lens only. This de- 
cision is less arbitrary than would appear at first 
sight, since there are as yet no data showing how the 
Stiles-Crawford effect varies with age. 


(2) Calculation of Correction Factors 


It is convenient to consider retinal illumination 
from the points of view of photopic and scotopic 
conditions separately. In practice, this separation is 
artificial,*® but it makes it possible to ascribe upper 
and lower limits to the factors under consideration. 
The conditions enter the calculation in two ways. In 
the first place photopic conditions favour pupillary 
constriction, whereas scotopic levels lead to dilation ; 
and secondly, different weighting curves have to be 
applied to a given energy distribution according as 
the eye is light- or dark-adapted. From a qualitative 
point of view the difference in these extremes will 
tend to accentuate that between the effects under 
review, for the scotopic visibility curve emphasizes 
the short wavelength region of the visible spectrum, 
which is weakened for visual purposes by the short- 
wave absorption of the lens. However, dilation of 
the pupil leads to an increase in effective trans- 
mission; thus the eye benefits under scotopic illu- 
mination not only by pupillary dilation but by an 
increase in effective lenticular transmission (it being 
assumed that the natural state of the pupil is 
constricted). ** 

An ageing eye will suffer relatively more under 
scotopic than photopic conditions, for the increasing 
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lenticular absorptivity in the short wavelength range 
will be more of a handicap when the pupil is dilated 
and the eye sensitive to blue light than in the light- 
adapted state when the age variation in absorptivity 
is less important, the longer wavelengths being 
favoured visually. In effect, however, this relative 
handicap is small. 

The age variation of the dark-adapted pupil 
shown in Fig. 2 is derived from three sets of recent 
data,’*."."* that for the light-adapted pupil from 
two.'**° Birren’s data’ suggest that those of 
Trendelenburg, often quoted as representative,® were 
obtained under conditions of insufficient light- 
adaptation ; this is why they are not included in the 
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function shown in Fig. 2. Although the ratio of 
pupil areas of the light-adapted and dark-adapted 
eyes has been stated'* to be independent of age, 
Fig. 3 shows that this is correct only to a first 
approximation ; the dilated pupil seems to be more 
age-dependent than does the constricted pupil. 

The age variation of the transmissivity of the 
crystalline lens is less reliable. It is obtained by 
interpolation from the data of Said and Weale’’ on 
living, and of Weale*! on extirpated lenses. These 
data limit the age range under consideration to 
20-60 years, for although Wald** has measured the 
transmissivity of a 68-year-old lens, there are reasons 
for not considering the data as wholly representa- 
tive.*! 

The variation of the effective transmission factor 
of the lens with pupillary radius R is derived in the 
following manner.'* The relative thickness of the 
lens is determined in a direction parallel to the optic 
axis as a function of the distance from this axis. (For 
the purposes of this computation the difference 
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between the visual and optic axes is ignored.) The 
graphical application of Pappus’ Theorem then 
makes it possible to calculate the average axial 
length of the solid enclosed by the projections on the 
lens surfaces of the pupil (of radius R) and a cylin- 
drical surface the wall of which is parallel to the 
optic axis and passes through the pupillary edge. 
ai trrdr 

R?2 
tr is the thickness of the lens at a distance r from the 
axis) and represents the effective optical path-length. 
Ludvigh and McCarthy* measured the transmission 
factor (of whole eyes) by means of a narrow pencil 
of light passing through the pupillary centre. Con- 
sequently a dilution factor (Fig. 4) has to be applied 
to their data when they are applied to large pupils. 
Conversely, Said and Weale”’ used large pupils in 
their measurements ; hence a concentration factor is 
applied (Fig. 4) when the data are applied to smaller 
pupils.?* 

This concentration factor, which computes the 
effective transmission characteristics of lenses of 
various ages for interpolated wavelengths throughout 
the spectrum, is used in conjunction with the data in 
Fig. 2 for the light- and dark-adapted pupils. For 
example, at the age of 30, the effective transmission 
factor for light of wavelength 440 my is 49-7 per cent 
for the dark-adapted eye, but only 38-1 per cent for 
the light-adapted eye; in the red, at 640 my, the 
values are 75-9 and 68-4 per cent respectively. At 
the age of 60, these values reduce to 25-2 and 19-5 
per cent at 440 my, and 60-1 and 54-8 per cent at 
640 mu. 

It should perhaps be stressed that, so far, the data 
in Fig. 2 have not been used to determine the 
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relative light flux density entering the eye; they have 
been used merely to calculate the thickness of a filter 
required to mimic the absorption characteristics of 
the crystalline lens, if the latter were made perfectly 
transparent and the absorbing pigment illuminated 
by a beam delimited by the pupil were spread into a 
gel between parallel glass plates. The lateral dimen- 
sions of the filter are immaterial, and can be con- 
sidered to extend to infinity. However, the thickness 
of the filter depends on pupillary area. The latter 
has consequently a spectral component in so far as 
it governs the thickness of this lenticular filter, and 
a non spectral purely geometrical component con- 
trolling the aperture of the eye. 

In order to calculate retinal illumination, the 
spectral distribution of the light source is weighted 
by the effective transmission factor and the photopic 
or scotopic luminous efficiency. Suitable allowance 
is made for the (guessed or stated) ages of the 
observers characterized by the standard CIE V, 
curves. The weighting procedure is repeated for 
every age, the geometrical pupil-area correction 
being applied to the final correction in every case. In 
the following examples the values for 20 years of 
age have been set equal to unity, the data for the 
higher ages being given by fractions R,. 


(3) Results 
The age variation of retinal illumination was 
computed for the following sources : 

S,, Standard Illuminant A 

S., Standard Illuminant C 

80w Daylight MCF/U lamp 

Warm White MCF/U lamp 

Colour Matching MCF/U lamp 
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Fig. 5 shows the results of the calculation for these 
sources for both the light-adapted and dark-adapted 
eye. The detailed calculation shows that although the 
‘colder’ sources lead to a more marked decline in 
retinal illumination than their ‘warmer’ fellows the 
effect is small. Thus at an age of 60, an observer’s 
light-adapted retina will receive only 3 per cent less 
from S,. than S,, assuming that the amounts are 
equal for an observer in his twenties; a similar 
difference exists between the Warm White and the 
Colour Matching fluorescent lamps. Moreover, at 
the age of 60, the retina will be worse off in the light- 
adapted than in the dark-adapted state by only 
8 per cent, assuming that the age of 20 represents 
the peak for both levels of adaptation. It follows 
that the differences between the sources considered 
are unimportant, and the differences due to levels of 
adaptation negligible. For these reasons the age 
variation of R, may be represented by a single curve. 
At the age of 60, then, the retinal illumination is 
about one-third of the value corresponding to an 
age of 20. 

What happens at greater ages is, at the moment, a 
subject for speculation. The curve in Fig. 5 cannot 
continue its trend, for this would lead to a value of 
R, equal to zero between the ages of 80 and 90 years. 
There are reasons for the belief that there is a tailing- 
off in the decrease of the pupillary diameter at 
about 70. If extracts from extirpated human lenses 
are anything to go by,** a similar tailing-off may be 
expected to occur between 70 and 80 years of age. 
Whether the curve is going to approach an asymptote 
at R, equal to 0-1 or 0-2 cannot be decided onthe 
available evidence. 


(4) Comments 


It is obvious that Fig. 5 cannot make any claim to 
great precision, but it can be taken to indicate a 
trend. In a sense it may involve a slight under- 
estimate, for Said and Weale’s data’’ are subject to 
a small correction as pointed out in-their paper. The 
Stiles-Crawford effect, on the other-hand, partly 
counteracts the increase in effective transmission 
factor bestowed by a large pupil diameter. The age 
effect of the macular pigment, small but not negli- 
gible,‘ will accentuate the difference between the true 
and the calculated trend (by further reducing R,); 
but it will tend to eliminate the difference attributable 
to levels of adaptation, for its effect is dominant in 
the cone-rich centre of the retina. 

One cannot assume without further evidence that 


the multiplication of a given illumination by Rr. 
A 


will lead to a standard set of conditions. To take one 
example, if a 60-year-old eye is exposed to a three- 
fold increase in illumination some pupillary con- 
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striction may occur. The increase in illumination 
required to equate visual acuities in young and old 
observers** is much larger than = and there is little 
A 
doubt that the reduction in transmissivity of the 
ageing eye due to scatter makes it unlikely that the 
best values of visual acuity, obtained in youth, can 
be restored by an increase in retinal illumination. 
On the other hand, the data in Fig. 5 may be of 
practical value in determining suitable levels of 
illumination in offices or homes occupied by older 
people. There is obviously no case for increasing 
the illumination by a factor of ten. If a factor of 
three is used the emphasis should lie on the longer 
wavelength ranges : the increasing scatter in the older 
ocular media leads to veiling glare with light of 
shorter wavelengths, which will contribute little to 
either comfort or efficiency. But even such a relatively 
modest increase in illumination ought to be treated 
with circumspection, for the following reason. The 
progressive diminution in retinal illumination with 
age is revealed only when great visual demands are 
made on the observer,*® e.g. near the limits of visual 
acuity or under threshold conditions, although it is, 
of course, always present, even in broad daylight; 
the latter cannot be increased by a factor of three 
(except indoors by architectural intervention); and 
it would be odd if increased artificial illumination 
conveyed to the aged the notion that there is 
relatively more light indoors than outside. It would 
appear, therefore, that the older eye is served best 
by an accentuation of contrast in general, and, where 
the level of illumination is increased, by emphasis on 
warmer radiations in particular. 
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Erratum 


Transactions, Volume 26, Number 1, page 48 (1961)—‘A Note on Quantities of Light’ by J. G. Holmes. 
In the diagram the extrene right-hand line denoting the Utilance Ratio should terminate opposite Fitting 


Flux and Utilized Flux. 
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